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_Make Plans to Attend — 
SILVER ANNIVERSARY MEETING £ 
OF THE 
FEDERATION OF - 
SEWAGE INDUSTRIAL WASTES 
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October 6-9, 1952 
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TO PROTECT SHELLFISH ane BEACHES 


Engineers for 


FAIRFIELD, CONN. Aeration Tanks, Fairfield, Connecticut Sewage Treatment Plant, 

h with Chicago Swing Diffusers and Precision Diffuser Tubes. Air is 

C oose supplied by three Chicago Standardaire Blowers. Two Blowers are 
CHICAGO 


direct connected to electric motors and have a capacity of 2000 
AIR-DIFFUSION 


cfm each at 6.5 psi. One Blower is direct connected to a gas en- 
gine and has a capacity of 2100 cfm at 6. . psi. Design flow of 
the plant is 4 M.G.D. Bowe, Albertson & i i 


The City of Fairfield, Connecticut, 
is assured of continuous and eco- 
nomical operation of the aeration 
battery in their new Activated 
Sludge Sewage Treatment Plant. 
Bowe, Albertson & Associates, En- 
gineers, specified a Chicago Air 
Diffusion System to provide com- 
plete equipment for sewage aera- 
tion. Everything necessary from air 
to water is specifically designed 
and engineered as a unit to treat 
sewage and industrial wastes. The 
Chicago Standardaire Blower, 
Swing Diffusers and Precision Dif- 
fuser Tubes provide efficient, quiet. 
continuous operation at low cost. 
Over 100 Chicago Air Diffusion 
Systems have been specified or in- 


stalled in Sewage Treatment Plants. 
Other Chicago Sewage Equipment 
makes possible the most economi- 
cal and efficient operation of the 
plant. Two Chicago Comminutors 
cut coarse sewage matter into small 
settleable solids without removal 
from the channel. One 10” and 
two 8” Chicago Vertical Open Shaft 
Non-Clog Pumps handle the raw 
sewage. Everything was done to 
provide the City of Fairfield with 
a Sewage Treatment Plant that 
would deliver a clear, sparkling 
effluent. Shellfish beds in Long 
Island Sound and the recreational 
aspects of the surrounding waters 
will not be contaminated. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


CHICAGO 14, ILLINOIS 


cru Peller, Plunger Swing 
ertical Now Clogs Mechanical Aerators, Combination 
Pomping Samplers 


Aerator Comminetors. 
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CHLORINATING 


Builders Visible Flow Chlorinizers 
have grow-power. As the sewage or 
waste treatment problem grows, Chlo- 
rinizers can be easily changed to meet 
the increased demands. There are 
three volumetric models — each hav- 
ing wide-range adjustability—to cover 
the complete range of feeding loads 
up to 6000 Ibs. per 24 hrs. For in- 
stance, the same feeder handling 40 
le, Ibs. per 24 hrs. today 

+ By, is easily modified to 
‘THA handle 400 Ibs. per 24 
2 hrs. tomorrow. 

Builders Chloriniz- 
ers are readily adapt- 
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able to any mode of operation. To 
change from basic, manual control to 
automatic, flow-proportional, or pro- 
gram operation, is a simple matter — 
easily handled in the field. 

Builders Chlorinizers are simple, 
dependable, safe. They meter and 
control chlorine gas in the dry, non- 
corrosive state. In every detail, Chlo- 
rinizers are built to simplify your 
chlorinating problems . . . not to com- 
plicate them. For Bulletins describing 
Chlorinizer Models DVSX, CVS, and 
HCVS, address Builders-Providence, 
Inc. (Division of Builders Iron Foun- 
dry), 368 Harris Ave., Providence 1, 
Rhode Island. 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
Avex O. Taytor, Secretary 


Box 69 : 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.* 
Harry S. Jorpan, Sec.-Treas. 
c/o Sanitary Engineering Div. 
Arizona State Dept. of Health 
Capitol Building 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage Works Assn. 
Sam A. Weep, Sec.-Treas. 
Room 315, City Hall 
Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bidgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water Board 
Springfield, Ill. 
Dakota Water and Sewage Works Conf. 
North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 


c/o State Dept. of Health 
Bismarck, N. Dak 


South Dakota Section® 
Cuartes E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. Dak 


Federal Sewage Research Assn. 
Wittiam Davis, Sec.-Treas. 
Rm. 4218 
Fed. Security Bldg., So., 
Washington 25, Cc. 


Florida Sewage and Industrial Wastes Assn. 
DoNnaLp P. ScHTESSWOHL, Sec.-Treas 
Bureau of San. Eng 
P. O. Box 210 
Jacksonville 1, Fla 


Georgia Water and Sewage Assn.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


German Sewage Technologists Association 
Wituetm Buckstesc, Sec.-Treas 
Schliessfach 1112 
Rubrverband, Essen, Germany 


Institute of Sewage Purification 
FSIWA Contact Member 
206 Bradford R 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Barsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1 
London, England 


lowa Sewage Works Assen. 
Leo HoLtKamp, Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage Works Assn. 
Dwicut F. Merzier, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Farrer, Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn. 
Louisiana Conference on Water Supply and 
Sewerage * 
Grorce L. West, Sec.-Treas. 
Water Dept. 
Lake Charles, La. 


* Sewage Works Section. 


Water and Sewerage 
sen.* 
W. M. Brnctey, Sec.-Treas. 
2411 N. Charles St 
Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334 Administration Bldg. 
Lansing 4, Michigan 
Missourt Water and Sewerage Corf.* 
VARREN Kramer, Sec.-Treas 
c/o State Office Bids. Sixth. Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taylor, Sec.-Treas 
Div. of Sanitary Engineering 
State Board of Health 
Helena, Montana 
New England Sewage and Industrial Wastes 
Assn. 
Water E. Merritt, Sec.-Treas. 
c/o State Dept. of Health 
511-A State House 
Boston, Mass. 
4 Jersey Sewage and Industrial Wastes 
sen. 
Micwaet S. Kacuorsky, Sec.-Treas. 
P. O. Box 766 
Manville, N. J. 
New York Sewage and Industrial Wastes Assen. 
C. Sweeney, Secretary 
c/e State Dept. of Health 
21 N. Broadway 
White Plains, N. Y. 
North Carolina Sewage and Industrial Waste 
Assn. 
E. C. Hupparp, Sec.-Treas. 
North Carolina State Board of Health 
Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
J. E. Ricwarps, Acting Sec.-Treas. 
301 Ohio Depts. Bldg. 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
More Hall 
University of Washington 
Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 


sn. 
B. S. Busn, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center 
Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832 
San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assen. 
oi Harness, Sec.-Treas. 
272 City and County Bldg. 
Denver, Colorado 
South Carolina Water and Sewage Works 
T. Linton, Sec.-Treas. 
Wade Hampton Bldg. 
Columbia, S. C. 
Swiss Assn. of Water and Sewage Profes- 
slonals 
Water Dapper, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Asen.* 
V. M. Euters, Sec.-Treas. 
501 W. 33rd St 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Asan. 
G. R. Tatcorr, Sec.-Treas. 
415 W. Franklin St. 
Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
Guizn O. Fortnar, Acting Sec.-Treas. 
State Dept. of Health 
Char nm, W. Va. 
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FLOW CONTROL NOTES 


Metering Raw Sewage Under Pressure 


Problem: to measure raw sewage prior to 
treatment at point where it entered 
plant. Sewage, flowing through a 24" 
line under a head of about 20 feet of 
water, contained a high amount of sus- 
pended solids. Maximum flow--24 MGD; 
minimum--1.35 MGD. 


Solution: 24" x 15.6" Simplex venturi 
tube with hand operated cleaning valves, 
clear-water flushing devices, and 
pressure chambers at main and throat 
sections. Also, low head, indicating, 
recording and totalizing meter, with a 
sediment tank in each connecting 
pressure line. 


Result: accurate measure= 
ment over a 20-to-1 
range, covering maximum 
and minimum specified 
flows. Cleaning 

valves and 

flushing devices 

keep tube and 

tanks clear. 


ER COMPANY 
SIMPLEX VALVE & METER COMP 
6719 Upland Street, Philadelphia 42, beste 
Please send free Bulletin #401 entitled “Simplex Type ‘H’ Meter” 


COMPANY. 
ADDRESS. 


city 
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MEMBER ASSOCIATION MEETINGS 


Association 


Michigan Sewage and Industrial 
Wastes Association 


Ohio Sewage and Industrial Wastes 
Treatment Conference 


New England Sewage and Industrial 
Wastes Association 


Alabama Water and Sewage Assoc. 


Central States Sewage and Ind. 
Wastes Assn. 


Pennsylvania Sewage and Ind. 
Wastes Association 


Iowa Sewage Works Association 


Rocky Mt. Sewage Works Assn. 


Kentucky-Tennessee Industrial 
Wastes and Sewage Works Assn. 


South Dakota Water and Sewage 
Works Conference 


German Sewage Technologists Assn. 


Mo. Water and Sewerage Conference 


Place 


Park Place Hotel, 


Traverse City, Mich. 


Commodore-Perry 
Hotel, 
Toledo, Ohio 


Hotel Elton, 
Waterbury, Conn. 


Pitts Hotel, 
Auburn, Ala. 


Loraine Hotel, 
Madison, Wisc. 


Pennsylvania State 
College, 
State College, Pa. 


Grinnell College, 
Grinnell, Iowa 


Frontier Hotel, 
Cheyenne, Wyo. 


Andrew Johnson 
Hotel, 
Knoxville, Tenn. 


Marvin-Hughitt Hotel, 


Huron, So. Dakota 


Weisbaden, Germany 


Governor Hotel, 
Jefferson City, Mo. 


Time 


May 19-21, 1952 


May 21-23, 1952 


May 22-23, 1952 


June 4-6, 1952 


June 25-27, 1952 


Aug. 27-29, 1952 


Sept. 9-11, 1952 


Sept. 15, 1952 


Sept. 15-17, 1952 


Sept. 17-19, 1952 


Sept. 17-20, 1952 


Sept. 21-23, 1952 


SILVER ANNIVERSARY MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
New York Sewage and Industrial Wastes Association 
Hotel Statler, New York City 

October 6-9, 1952 


Pacifie Northwest Sewage and 
Industrial Wastes Assn. 


The Canadian Institute on 
Sewage and Sanitation 


North Carolina Sewage and 
Industrial Wastes Assn. 


Florida Sewage and Industrial 
Wastes Association 


Multnomah Hotel, 
Portland, Ore. 


Seigniory Club, 
Montebello, Que. 


Skyland Hotel, 


Hendersonville, N. C. 


San Carlos Hotel, 
Pensacola, Fla. 


Oct. 23-24, 1952 


Nov. 3-5, 1952 


Nov. 10-12, 1952 


Nov, 16-19, 1952 
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Establishing remarkable records 
for high purification at low cost— 
YEOMANS “SPIRAFLO” CLARIFIER ana “AERO-FILTER” 


SINGLY ...OR IN COMBINATION 
. . « especially in the treatment of strong industrial wastes 


; Low construction cost . . . low operating cost . . . high purifying efficiency: 
" these are the characteristics of the Yeomans “Spirafio” Clarifier and the 
; “Aero-Filter System,” whether used separately or in combination. 


“SPIRAFLO” CLARIFIER—Unusual functional de- 
sign makes this unit a highly efficient clarifier for use in 
trickling filter plants . . . eliminating several non-essen- 
tials that multiply construction and operating costs. Up- 
ward flow of influent through sludge blanket increases 
removal of settlable and suspended solids. 


this high capacity biological trickling filter cuts con- 
struction costs—reduces size of required filter bed by 
about 85%. High efficiency of single-stage operation 
eliminates need of installing and operating expensive 
conventional recirculating equipment. 


YEOMANS BROTHERS COMPANY 
N. Dayton St., Chicago 22, Ill. 


Please send these bulletins: 
6570—‘‘Aero-Filter” No. 6790—“Spirafle” Clarifier 


State 


FIT ANY REQUIREMENTS— Overall 
plant efficiency is always higher when the 
two units are used in combination; how- 
ever, plants using either type of equipment 
or the combination can be designed to fit 
any needs for treating domestic and indus- 
trial wastes. 


IMPORTANT INFORMATION—Facts as 
to remarkable records established by 
Yeomans units will be helpful in your proj- 
ect planning. Bulletins containing per- 
formance data, field engineering data and 
construction cost estimates are available 
on request—use the coupon. 


f 
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MONO-CAST CENTRIFUGAL PIPE 
FOR EVERY SERVICE CONDITION 


*Mono-Cast” is the trade name for ACIPCO pipe cast centrifugally in sand- 
lined molds. Uniform metal section, high physical strength, endurance, and 
freedom from inclusions are salient properties which have established the name 
“\ono-Cast”” as synonymous with highest quality cast iron pipe. It can be 
supplied with joints for conveying water, gas, oil, gasoline, sewage, salt brine, 
ashes—and in fact, just about everything that a pipe line can conceivably convey. 

Being cast iron Mono-Cast Pipe enjoys an enviable reputation. Cast iron pipe 
has had over.300 years of service abroad and more than 100 years of service in 
the United States. It is satisfactorily serving in locations where especially severe 
external and internal corrosion conditions exist. Mono-Cast Pipe is designed to 
give super-service; and its wide acceptance and splendid performance bespeak its 
excellence and the confidence and esteem in which it is held by those who are 
using it. 

ACIPCO works hand-in-hand with engineers, contractors and superintendents 
in solving piping problems in their respective fields. Refer your next piping 
problem to ACIPCO and utilize both our extensive manufacturing facilities and 
our nearly half a century of experience in furnishing pipe and fittings for water 
works and sewage disposal plants. 

Let us assist you by taking off lists of material and submitting a price on pipe 
and fittings for your next job. 


AMERICAN CAST IRON PIPE COMPANY 


BIRMINGHAM 2, ALABAMA 


Dallas Houston El Paso Pittsburgh Kansas City New York City 
Chicago Minneapolis Cleveland Los Angeles San Francisco Seattle 


: 


... that’s what you get when you spec- 
ify WIGGINS GASHOLDERS for sewage 
digester gas. 

The absolutely dry, frictionless seal of 
the WIGGINS GASHOLDER is gas-tight and 
impermeable. Can’t freeze or “hang up” 
—there’s no water—no tar—no grease. 
No complicated mechanism. No gadgets. 


WIGGINS 
VAPOR SEALS 


No operating costs. No maintenance costs. 
Ask us about installations made from 
coast to coast for economy-minded city 
engineers— men who know that the 
Simplicity of the WIGGINS GASHOLDER 
in operation always results in Efficiency 
and Economy. 
Send for Bulletin WG-22! It's written for you! 


GENERAL AMERICAN 


TRANSPORTATION CORPORATION 
135 South La Salle Street, Chicago 90, Illinois 
Offices in all principe! cities 


by GENERAL AMERICAN 
val 
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TRADE Marx 
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BACK IN 1909... Lock Joint Pipe 
Company first provided sewer pipe for 
the City of Wichita. In that year two 
1S” lines were installed. Both were 
built of Lock Joint Pipe, and both are 


in active use today. 


Wichita has in- 
stalled many other Lock Joint lines. 


Since that time 


Because, over the years, there has been 
continued local demand for Lock Joint 
sewer and culvert pipe, the Company 


has built one of its most modern and 


best equipped manufacturing plants in 


Wichita. Here sewer and culvert pipe 


in a wide range of sizes from 6” to 


au ide 


aqueous Linea. 


Established 1905 
P. ©. Box 269, East Orange, N. J. 
BRANCH OFFICES: Casper. Wyo. + Cheyenne, Wyo 
Kansas City. Mo. + Chicago, I. + Valley Park, Mo 
Wichita, Kan. + Kenilworth, N. J. + Hartford, Conn. 
Tucumcari, New Mexico + Oklahoma City, Okla. 
Hato Rey. RO + Caracas, Venezuela 


INSTALLATION OF THE DOUGLASS AVENUE & 
STORM SEWER IN 1909. 


| LOCK JOINT PIPE COMPANY'S MODERN 
SEWER PIPE PLANT AT WICHITA. 


SCOPE OF SERVICES—Lock Joint Pipe Company apecial- 
zea in the manufacture and installation of Reinforced Con- 
crete Pressure Pipe for Water Supply Distribution Maina in 
range of diameters as well aa Concrete Pipes of all 
types for Sanitary Sewers, Storm Drains, Culverts and Sub- 


LOCK JOINT PIPE COMPANY 


+ Denver, Col 
Rock Island. Ill 
+ Beloit, Wis 

Tulsa, Okla 


108” in diameter can be produced. 

Similarly, in thirteen other cities and 
towns in the States and in Hato Rey, 
Puerto Rico and Caracas, Venezuela, 
Lock Joint Pipe Company has estab- 
lished permanent sewer and culvert 
pipe manufacturing plants. All are 
equipped to produce the most modern 
and efficient reinforced concrete pipe 
for such projects as sanitary sewers, 
storm drains, airport drainage, high- 
way culverts and irrigation lines. To 
determine which Lock Joint plant can 
most conveniently serve you, consult 
our list of Branch Offices below. 
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specifies 
sparkling 


INERTOL PAINTS 


at East Aurora, N. Y. 


Ramuc Utility—a chlorinated 
rubber-based enamel —adds a 
sparkling tile-like finish to 
walls, ceilings and floors. This 
hard color-fast enamel is un- 
affected by strongest cleansers. 


Machinery, piping, sashwork, 
railings and other nonsub- 
merged metal surfaces retain 
a bright lasting finish with 
Glamortex—an alkyd resin 
enamel. Glamortex main- 
tains its high gloss, is mar- 
resistant. 


Durable Inertol coatings meet exact 
specifications for new Sewage Disposal Plant 


Mr. John Gray, of William Lozier & Co., 
Consulting Engineers, found, as you will 
too, that Inertol Paints far exceed speci- 
fications for water-, weather- and fume- 
resistance. And the reason for the long-lasting 
economical performance of the Inertol line 
is this: each product has been developed 
especially for Sewage Plant application. 
Throughout the nation, in thousands of 


INERTOL 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


installations, Inertol coatings have proved 
their superiority and long-range economy. 
Should you require specialized paints to meet 
your needs precisely and with full satisfac- 
tion, ask to have an Inertol Field Represen- 
tative call. Or write today for our “Painting 
Guide.” A handy pamphlet for Specification 
Writers, Design Engineers, Plant Superin- 
tendents and Contractors. It’s free! 


INC. 


27 South Park, Department 2 
San Francisco 7, California 


1838 
Rochester Engineer | 
William Lozier 
is 
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Save up to 80% 
of thespace required 
by “old-style” water 


treatment plants with § 


— the Accelator 


...and the Accelator is built only by Infilco! 


Proved in over 1,500 installations 
throughout the world, the space-saving 
economics of the Accelator is but one of 
the many advantages thoroughly 
described by Infilco Bulletin 1825. Write 


for your copy today. 


Ifo IMFILCO EMC. Tucson, Arizona Plants in Chicago & Joliet, [liners 


FIELD ENGINEERING OFFICES IM 26 PRINCIPAL CITIES 
World’s Leading Manufacturers of Water Conditioning and Waste-Treating Equipment 
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Are DEPENDABLE 
in Critical Metering 
Line Service 


Valves take plenty of abuse i 
sewage treatment plant meterin 
line service . . . But Nordstro 
last and last. 

One reason is that flow tha 
attacks seats of ordinary valves can 
even reach a Nordstrom valve sea 
it’s never exposed. This one No 


ornare yt strom feature alone eliminates a | 
Nordstrom valves 
in pit installation. 

Write for Bulletin No. 103 
describing Rockwell-built Nord 
strom valves, gas meters and wa 
meters for sewage service. Rockwe 

operated 


Manufacturing Company, 400 N 
Lexington Ave., Pittsburgh 8, 


TYPICAL NORDSTROM SERVICES 
IN SEWAGE TREATMENT PLANTS 
Lateral Air Lines Water 


Sludge Lines Metering Lines 


Grit Chamber Digester Lines 
Drain Valves 


Pump Suction Bucket Elevator 
and Discharge Lines 


Filter Lines Sewage Gos 


LUBRICANT 


SEALED TO KEEP UPKEEP DOWN 


om hi. ae 
> 
H 
i 
ot Venturi meter = ; 
: 
R kw LE il 


Get all the facts. 
Call your nearest 
Rex District Office 
or write for 
Bulletin 51-83. 
Chain Belt Company, 
4606 W. Greenfield 
Ave., Milwaukee 1, 
Wisconsin. 
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REX’ TOW-BRO 


Way fo improved 
sludge removal 


Gentle suction rather than conventional plowing or scraping— 
that’s the Tow-Bro principle that means more efficient sludge re- 
moval. Rex engineers developed the Tow-Bro particularly for 
handling light, flocculent solids where a minimum of agitation, high 
solids concentration and rapid sludge removal are factors vital to 
good performance. 


Tow-Bro’s gentle suction gives these important advantages: 


1. Clearer Effluent... tess disturb- 
ance assures a better settling condition 
and hence clearer effluent. 


4.Prevents Septicity... sludge has 
less chance to become septic because all 
sludge is removed at one revolution. 
Sludge isin the settling tank a shorter time. 


5. Greater Operating Flexibil- 


2. Greater Solids Concentra- 
tion ... Tow-Bro principle assures much 


higher solids concentration than is ob- 
tainable with conventi | scraper-type 
mechanisms. 


3. Low Cost... no sludge hopper or 
center pier required. Greater solids con- 
centration means less tank volume, 
smaller piping, less pumping. 


ity ... varying rate of sludge draw-off 
over wide range as possible withou. 
diluting vortex action provides greater 
operating flexibility. 


6. Easy Adaptation . . . Tow-Bro 


is easily adapted to round, square or 
rectangular tanks .. . new or existing. 


Cheair Belt COMPANY OF MILWAUKEE 


Atlanta 
Denver 
Lovisville 


Baltimore + Birmingham - 
Detroit + El Paso - 
Midland, Texas 


Houston + 
Milwaukee 


Boston + Buffalo - 
Indianapolis - 
Minneapolis + 


Chicago + Cincinnati - Cleveland + Dallas 
Jacksonville - Kansas City + Los Angeles 
New York + Philadelphia + Pittsburgh 


Portland, Ore.+ Springfield, Mass.+ St. Louis Salt Lake City + San Francisco- Seattle + Tulsa - Worcester 
Export Offices: Milwaukee and 19 Rector St., New York City 
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CLAY PIPE~ESSENTIAL EVERLASTING 


Rapid City, South Dakota, ex- 
tends its municipal sewerage 
facilities in $800,000 program 
made necessary by defense ex- 
pansion at Rapid City Air Base. 


15 Miles of CLAY PIPE MUNICIPAL SEWER EXPANSION 


Over 15 miles of Vitrified Clay Pipe, the one chemically-inert pipe that 
in sizes ranging from eight to 33 _has proved its resistance to chemical 
inches, are being installed to give action through actual performance 
sewerage facilities to some 900 new __ in the ground. Don’t take chances 
homes in Rapid City. Clay Pipe with substitute sewerage materials. 
provides these new residents with Specify Vitrified Clay Pipe . . . it 
permanent sanitary service —a _—mever wears out! 


never-wear-out system that will NATIONAL CLAY PIPE MANUFACTURERS. INC. 


guard the city’s health for years and Tans kane 


100 N. LaSalle Se., Rm. 2100, Chicago 2, Il. 
decades to come. 206 Connally Bidg.. Atlanta 3. Ga 


Clay Pipe is the only pipe that’s un- 
affected by acids and alkalies . . . by 
rust, rot, decay, or sewage gases. It’s 


Vitrified Clay Pipe . . . Specified Wherever 
Reliable, Performance-Proved Pipe Is Needed 


Orlando, Fla. (Air Force Base) 74,000 f+ Needles, nag (Essential Ore) 87,000 fr 
Pa Hartford, N. 
tee! Defense Plont) 300,000 f+ (Electronic Pans Exponsion) 50,000 fr. 
{Gun Control Plant) 120,000 f+. Expansion) 16,000 fr. 


Marion, N. C. 
(Municipe! Sewerage) 32,000 #. (Air Force 65,000 f+. 
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FOR SEWAGE MEN: 


UNSCREENED SEWAGE HANDLED By 
Wheeler-Economy Non-Clog Centrifugal Pumps 


For DRY PIT installations: 


Wheeler-Economy Horizontal or Vertical Centrifugal Sewage 
Pumps have clear waterways from 11/,” to 10”. They pump un- 
screened sewage, miscellaneous pulp or trash in liquid without 
difficulty. Where sewage is screened, Mixed Flow types are avail- 
able for higher speed, more economical operation. Sizes to 36”. 


“Sentry” Type vertical pump with motor 
direct connected. For dry pit service, not 
subject to flooding, and to conserve floor 
space. CATALOG F249. 


Horizontal Type for economical instal- 
lation, accessibility and to simplify 
maintenance. CATALOG F447. 


49 Open Shaft Type vertical 
pump with flexible shafting 
drive from motor. Motor 
located at distance above 
pump to avoid possible 
flooding of electrical equip- 
ment and to conserve pump 
room floor space. CATA- 
LOG F249. 


For WET PIT installations: 


WHEELER-ECONOMY 


Sump Pumps 
Designed in single or duplex 
units to elevate drainage or 
sewage from wet pits, sumps, 
basements, boiler pits, scale J 
and elevator pits, etc. Sizes 
from 114” to 3” for drainage 
free from solids. Sizes 3” to 
14”, non-clog type for un- 
screened drainage containing 
solids. Sump cover and con- 
trol arrangements can be sup- 
plied to meet any requirements 


CATALOG E748 for General 
Service. CATALOG E345 for 
Non-Clog. 


See Your Phone Directory 
or Write Us for Name of 
Nearest Distributor for 
ECONOMY PUMPS, Inc. 


121-S 


WHEELER-ECONOMY PUMPS 


_ ECONOMY PUMPS, INC. + DIVISION OF C. H. WHEELER MANUFACTURING CO. 
a 19TH AND LEHIGH, PHILADELPHIA ‘32, PA. 
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A BIG NAME 


In Sanitation 
Circles... 


Positive protection against overloads —elim- 
ination of troublesome shear pins . . certain 
when Jeffrey “HYDROLESE” Hubs are used 
on the countershafts with sprockets keyed to 
them. 


The “HYDROLESE” Hub 
@ Can be adjusted to meet various load con- 
ditions. 


@ Can be provided with visvel warning of 
eoveriead. 


@ Can be readily reset. 
@ Will net burn up. 


@ Will carry definite torque lead (Max. 
of Los Angeles, are “HYDROLESE” protected. 20,000 tbs.). 


Grit Washers Sludge Collectors This device has won wide favor in Sanitation 
Grit Collectors Sludge Elevators 


circles—132 units used on the Los Angeles 
Cross Collectors Scum Removers job. Send for complete information. 
Spiral Conveyors 
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ASILY INSTALLED TO HANDLE LARGE 

me at the Madison-Chatham (N. J.) 

um wet-weather flows are occasion- 

gh ¢ ve t he average design dry-weather flow. An 
creen is top of the comminutor to screen flows 


in excess of the comminutor’s capacity Screenings are later raked 
down into the comminutor during period of normal flow. The overflow 
screen makes the comminutor independent of the by-pass on right 
which may later be used as a channel for a second comminutor 
Plant Superintendent is Edward P Molitor. 


Madison-Chatham, N. J., installation proves 
adaptability of Worthington COMMINUTOR 


Typical example of the adaptability of the Wor- 
thington comminutor is the story of this installa- 
tion at the Madison-Chatham Joint Meeting Sew- 
age Treatment Plant in Chatham, N. J. 

Engineers everywhere especially like the Wor- 
thington comminutor because: 

@ It can be readily installed in new or existing 
straight-flow rectangular channels. 

@ Cutter-racks are quickly removable for 
sharpening or replacement. 


WATER WORKS COMMINUTORS 


@ It may be flooded without damage because 
it’s protected by a mercury seal. 

Worthington’s public works specialists are ready 

to work with your community’s engineer in solving 

screening problems—as well as other problems in 

sewage, water works, or municipal power genera- 

tion. Write for Comminutor Bulletin W-2010-B3. 

Worthington Corporation, formerly Worthington 

Pump and Machinery Corporation, Public Works 
Division, Harrison, N. J. 


Public Works Equipment 


All Major Public Works Equipment Under One Responsibility 
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Unit Substations 


G-E application engineers select products like 
these to form the co-ordinated electrical system 
that exactly fits your plant requirements. 


Here’s Help on 
Your Campaign for 


CLEAN WATERS 


General Electric helps make your pollution- 
control program a success in three ways: 


1. Aids you in winning public support 
through the G-E packaged program 
“Modern Sewage Treatment”’ includ- 
ing the color sound movie Clean 
Waters. 


2. Assists your engineers or consult- 
ants in the formation of electrical plans. 


3. Manufactures a complete line of 
dependable electric equipment for 
sewage treatment plants. 


To take advantage of this complete, 
three-way service, contact your G-E repre- 
sentative early in the planning stage when 
he can help you most. General Electric 
Co., Schenectady 5, N. Y. 


GENERAL @@ ELECTRIC 
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to aid peak 


defense production 


Collect and Sell 


your and 


Steel 


Mr. Q-Check says dig for scrap metal 
—search every nook and corner of your 
pipe yard—scrape the bottom of the bar- 
rel! For iron and steel scrap is critically 
needed to aid peak defense production 
in steel mills and iron foundries. 


The average pipe yard has some or 
all of the following sources of scrap 
metal, according to whether pipe is used 
for water, gas, sewerage or industrial 
service: 


Obsolete fittings; cut pipe (short pieces 
of distribution or service pipe); damaged 
hydrants, valve boxes, manhole covers, 
etc. It all adds up to a vital contribution 
to defense production. 


Collect your scrap now. Phone your near- 
est scrap dealer. He wants what you have 
but quick, and pays good cash prices. 


CAST IRON PIPE RESEARCH ASSOCIATION . . . CHICAGO 
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B.0.D. reduced over 98% 


.. « from 3000 ppm to 33 ppm! 


That's the job this industrial waste treatment plant is doing at the 
L. A. Dreyfus Company in Oaktree, New Jersey. Installed in 
a residential neighborhood, the plant plays an important part in this 
Company’s comprehensive waste treatment control plan. The 
flowsheet includes equalization and pre-digestion in special 30’ dia. Dorr 
Digesters followed by the Biofiltration System using a Dorr 
Clarifier and a Dorrco Distribufor. 
There’s no “‘cure-all’’ for industrial waste treatment. But there’s a 
good chance that Dorr’s diversified equipment and diversified 
experience can add up to the right kind of solution. The 


L. A. Dreyfus Company’s installation is just one example. 


@ If you have a waste treatment problem we would 
welcome the opportunity to work with your con- 
sulting engineers. If you are a consulting engineer 
actively engaged in waste treatment, our experience 
is at your disposal. 


THE DORR COMPANY - ENGINEERS - STAMFORD, CONN 
Associoted Companies ond Representotives ia the principal cities of the world 
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1951 Literature Review 


A CRITICAL REVIEW OF THE LITERATURE OF 1951 
ON SEWAGE, WASTE TREATMENT, AND 
WATER POLLUTION 


By W. Rupotrs, Chairman, D. E. BLoopaoop, G. P. Epwarps, M. B. Errincer, 
H. A. Faser, W. H. Geum, P. D. Haney, R. L. Harris, H. HEUKELEKIAN, 
R. D. Hoax, P. W. Kasier, M. Karz, C. E. Keerer, R. MANGANELLI, 
P. H. McGauuey, H. J. Mires, F. W. Monuman, W. A. Moore, 
H. E. Orrorp, G. A. C. C. N. H. SANBorN, 
L. R. Server, H. A. Tresier, anp L. W. VAN KLEEcK 


Committee on Research, Section A, Federation of Sewage and 
Industrial Wastes Associations 


The review for 1950* covered an 
all-time high number of references, 
but this year the literature available 
and examined materially exceeds any 
previous review. The mass of material 
has become so large that the effective- 
ness of the review in its old form loses 
considerable value, because of the diffi- 
eulty in finding the references pertain- 
ing to various sections. This difficulty 
was overcome in a previous review of 
the literature dealing with toxic ma- 
terials t where the references followed 
each specific section. Stimulated by 
the laudatory comments received, plus 
suggestions from some committee mem- 
bers, the present review has attempted 
to follow a procedure which seems more 
logical. The new method of presenta- 
tion necessarily required redistribution 
of the member contributions in some 
cases, whereas in other cases the as- 
sembling of the review was simplified. 
It is hoped that the new procedure will 
make the review even more usable. 
For several years attention has been 
called to the growth of literature per- 
taining to industrial wastes. In addi- 
tion to more extensive coverage for all 
types of wastes, the references for 


JourNnab, 23, 5, 555 (May, 1951). 
+ THis JourNnaL, 22, 9, 1157 (Sept., 1950). 


541 


radioactive materials have increased 
from none a few years ago to 94 this 
year. 

The activated sludge process is con- 
sidered by some as fickle, difficult to 
operate, and able to handle only com- 
paratively moderate loadings. Some 
years ago Greeley,? on the basis of a 
survey, came to the conclusion that 
with average domestic sewage 25 to 30 
lb. of applied B.O.D. per 1,000 cu. ft. 
of tank is a conventional load, although 
under some conditions much higher 
loads had been obtained. Since then, 
plant operation records have been pub- 
lished showing as much as 65- to 70- 
Ib. B. O. D. loads. This year Pasveer 
(135) published results on increased 
aeration capacities where the loadings 
at a small plant treating domestic sew- 
age were increased to 220 Ib. per 1,000 
cu. ft. of tank, or more than 3 times 
the higher loadings previously re- 
ported. It appears that design modi- 
fications or improvements may result in 
far smaller plants, hence less cost. 

An interesting example of applica- 
tion of an old principle demonstrated 
to be feasible many years ago occurred 
this year with sludge concentration by 


t Sewage Works Jour., 17, 6, 1135 (Nov., 
1945). 
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flotation (‘‘Laboon process’’). The in- 
formation was available, but no one 
put it to practical use. 

In the industrial waste field, con- 
siderable discussion has taken place re- 
garding use of chlorine for phenol oxi- 
dation, whereas chlorination of metal 
plating cyanide wastes has reached the 
plant scale. The possible applications 
of chemical methods to a variey of in- 
dustrial wastes for effective and effi- 
cient treatment has been by no means 
exhausted. In this respect, an im- 
portant contribution by the Federation 
in the form of the ‘‘Chlorination 
Manual’’ should not be overlooked. 

For the first time a rather extensive 
study dealing with vegetable contami- 
nation and decontamination was pub- 
lished during the year. The papers, 
as abstracted, reviewed, and commented 
upon in many domestic and foreign 
publications, have brought Tuts Jour- 
NAL to the widespread attention of 
scientists, investigators, students, and 
practitioners. The broader approach 
to the problems of sewage and waste 
treatment will doubtless stimulate in- 
tensive study during the next several 
years in many parts of the world. 

By-products recovery possibilities 
from sewage and wastes received a 
substantial impetus by the results pub- 
lished on vitamins in sludge. Use of 
vitamin-rich sludges, other than my- 
celium from antibiotic production or 
wastes from fermentation industries, 
may be the beginning of a new by- 
product development. 

Basically new treatment processes 
have not been disclosed, although pos- 
sible applications of ultrasonic meth- 
ods for suspended solids removal, 
sludge dewatering, disinfection, and 
stabilization of sewage have been in- 
dicated. 

The most outstanding development 
in methods of analyses has been the 
membrane bacteria filter. The use of 
the filter for evaluation of water pol- 
lution and as an aid in detecting spe- 


cific types of disease-causing organisms 
may be of great importance in affect- 
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ing methods of treatment and require- 
ments for treatment. 

Publications dealing with stream pol- 
lution have greatly increased, indicat- 
ing greater interest, broader enforce- 
ment, more specifie regulations, and 
extended information. Reports con- 
cerning sewage of 8 major drainage 
basins, showing the pollution dis- 
charged, damages wrought, benefits 
which may accrue as a result of pol- 
lution prevention, and pollution pre- 
vention in effect and required, disclose 
that some 10,000 municipal and indus- 
trial waste sources need rectification at 
an estimated cost of from $9,000,000,000 
to $12,000,000,000 during the next 
decade. In respect to future develop- 
ments for abatement of pollution the 
National Technical Task Committee on 
Industrial Waste can be very important 
and effective, once it gets firmly under- 
way. 

Further emphasis has been placed on 
the trend to consider stream quality 
rather than effluent quality standards 
and zoning for best usage of streams by 
the new New York standards and classi- 
fications. The Ohio Valley bacterial 
standards should be mentioned in this 
connection. 

Another important step forward are 
the tentative standards for sewage 
works proposed by the Joint River 
Board of the Upper Mississippi and 
the Great Lakes Board of Public 
Health Engineers. The _ tentative 
standards appear to be the beginning 
of uniform design standards for the 
entire country—standards which seem 
realistic, easily interpreted, and mod- 
ern in concept. 

Specific attention is also called to the 
decision of the U. S. Supreme Court 
regarding the constitutionality of the 
Ohio compact, which undoubtedly will 
have repercussions and be a guide for 
interstate cooperation. 

The need for adequate and equitable 
service charges for sewage and indus- 
trial wastes is still evident. The com- 
prehensive report by the Joint Com- 
mittee of a number of organizations is 
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a distinct contribution, an important 
guide, but, as indicated by the report, 
no solution for local conditions. Un- 
doubtedly, detailed studies will be 
forthcoming to solve the increasing 
‘pressure of municipal financial prob- 
lems. 

The Research Committee has never 
singled out any section of its annual 
report, but attention is called to the 
review dealing with biology, which in 
effect is an outstanding, extensive re- 
view, particularly of obscure foreign 
literature, on the effect of wastes on fish 
life. 


ANALYTICAL METHODS 


B.O.D. and Oxygen Consumed 


Gellman and Heukelekian (10) dis- 
cuss the limitations of the ‘‘standard’’ 
dilution method for the determination 
of B.O.D. as compared to manometric 
methods. Factors concerned with the 
manometric determination, such as CO, 
absorption, nitrification, agitation, and 
sample volume, were studied. They 
concluded (a) that the highest oxida- 
tion rates obtainable with the Sierp 
and Warburg apparatuses are 520 and 
360 p.p.m. per hour, respectively, (b) 
that the reproducibility is equal to that 
obtained by the standard dilution 
method, and (c) that oxygen demand 
measurements may be 20 per cent 
higher for organic compounds and 14 
per cent higher for domestic sewage by 
the direct method. Ludwig et al. (18) 
also studied extensively the direct 
method for determining B.O.D. by 
means of the Warburg apparatus. 
They present a simplified procedure 
for use in making the necessary calcu- 
lations. These authors believe that the 
method offers advantages over the 
standard dilution method, but that the 
technique must be simplified before it 
can be used for routine determinations. 

Chakravarti and Som (5) compared 
the 5-day B.O.D. values of a vegetable 
waste, an activated sludge plant efflu- 
ent, and several septic tank effluents 


CRITICAL REVIEW OF LITERATURE OF 1951 543 


with those obtained by chemical oxida- 
tion. The chemical method used was 
oxidation with dichromate in a H,SO,- 
H,PO, mixture at 140° to 145° C. The 
excess dichromate was titrated iodo- 
metrically. The oxygen consumed 
values multiplied by 0.68 were slightly 
higher than the 5-day B.O.D. in about 
one-half the cases and considerably 
higher in the remainder due to the 
presence of cellulosic material. 

Moore and Ruchhoft (28) point out 
that B.O.D. and oxygen consumed are 
two distinct parameters and are not 
interchangeable. In domestic sewage 
from which the settleable solids have 
been removed and by using certain con- 
ditions for determining the oxygen con- 
sumed, a close correlation was obtained 
between these two parameters. In 
streams receiving domestic sewage the 
0.C./B.0.D. ratio increases with in- 
creasing biological stabilization. The 
authors also stress the fact that where 
a given industrial waste is fairly con- 
stant in composition and contains no 
toxic compounds, a satisfactory correla- 
tion can be obtained between the oxy- 
gen consumed and the biochemical oxy- 
gen demand. 

Continued interest was shown in the 
determination of oxygen consumed of 
organic materials. Pirogova (35) modi- 
fied the permanganate method of Sko- 
pintzev* by pretreating the sample 
with alkali and boiling for 10 min., fol- 
lowed by neutralization before oxidiz- 
ing with permanganate. Knox and 
Pask (16) used 0.1 N dichromate in a 
H.SO, solution for the determination 
of diethyl ether and ethyl alcohol in 
blood samples. The sample is adsorbed 
on filter paper suspended above the 
oxidizing solution. The temperature 
of digestion is 3 to 4 hr. at 37° C. An 
accuracy of +2 per cent is claimed. 
It is obvious that the method would be 
applicable only to highly volatile com- 
pounds. 

Medalia (24), in determining the 
presence of trace organic material in 


* Jour. Appl. Chem. (U.S.S.R.), 7, 1294 
(1934), 
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water, relied on the reaction between 
ferrous iron and hydrogen peroxide. 
This reaction initiates a chain reaction 
in which the organic compounds react 
with the molecular oxygen present. 
The results obtained are higher in most 
cases than with permanganate, but low- 
er than those obtained with dichromate. 
Shaw (41) determined the oxygen con- 
sumed values of coke plant wastes by 
using chromic acid as the oxidizing re- 
agent. The reaction is carried out in 
the presence of H,SO, and H,POQ,. 
The mixture is heated for 5 min. in a 
steam bath and the excess chromie acid 
reduced with an excess of ferrous iron. 
The excess of the latter is then de- 
termined by titration with dichromate. 
Chlorides are not attacked. 

Riehl (37) reviewed the various 
methods for determining oxygen con- 
sumed, with chief emphasis on the di- 
chromate reflux method of Moore. 
Pepinsky eft al. (84) describe a rapid 
dichromate procedure for the oxidation 
of organic wastes. The reaction is car- 


ried out in the presence of phosphoric 
and sulfuric acids and the heating time 
is such that a temperature of 165° is 


reached in 6 min. The excess dichrom- 
ate is determined iodometrically. Chlo- 
ride is oxidized quantitatively and sil- 
ver sulfate could be used as a catalyst 
providing the starch was used as an 
outside indicator. If the heating time 
is extended, breakdown of the di- 
chromate results and high oxygen con- 
sumed values are obtained. 

Moore et al. (29) made a statistical 
comparison of the oxygen consumed 
results obtained by three dichromate 
modifications, the ‘‘standard’’ per- 
manganate method, and an iodie acid 
method. Pure organie compounds, as 
well as typical industrial wastes, were 
used in the study. With some materials 
as many as 100 determinations were 
made. The use of silver sulfate as a 
catalyst increased the percentage oxi- 
dation with most samples. This is 
especially true with straight-chain 
acids and alcohols. The results ob- 
tained in this study indicate that the 
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Moore dichromate method + would give 
the most reproducible results with a 
wide variety of samples. With the 
iodie acid method and on those meth- 
ods in which the excess dichromate is 
determined iodometrically, the use of 
silver sulfate as a catalyst is precluded. 


Dissolved Oxygen 


Verbestel et al. (47) made a critical 
study of the various methods for the 
determination of dissolved oxygen in 
concentrations around 0.01 p.p.m. It 
is pointed out that limitations in the 
iodometric titration make the Winkler 
method unsuitable for determining trace 
amounts of dissolved oxygen. Of the 
colorimetric methods that have been 
proposed, it was found that the o- 
tolidine method was the most suitable. 

Splittgerber et al. (44) and Meyer 
and Brack (26) also investigated the 
determination of dissolved oxygen by 
means of o-tolidine. The latter authors 
state that from 0.02 to 15 mg. per liter 
of dissolved oxygen can be determined 
in clean waters. They eliminate iron 
interference by the addition of 
Na,P.O,. Both papers give detailed 
directions for the determination of dis- 
solved oxygen by this method. 

Wickert (49) found that the tolui- 
dine method was satisfactory if the 
iron content was not over 0.02 mg. per 
liter. If iron in excess of this amount 
is present, low dissolved oxygen values 
are obtained. This error can be 
avoided if thiocyanate is used in con- 
junction with the toluidine method. 
The oxygen equivalent of the ferrous 
to ferrie iron is added to the dissolved 
oxygen as determined by the regular 
toluidine method. 

Rand and Huekelekian (36) com- 
pared the dissolved oxygen results by 
the Winkler and polarographic meth- 
ods on industrial wastes. The waste 
was first boiled to remove any dis- 
solved oxygen and then known incre- 
ments were added. It is claimed that 
the polarographic method permitted 
reasonably accurate determination of 


+ Anal, Chem., 21, 953 (1949). 
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the dissolved oxygen. <A detailed pro- 
cedure is given for the determination. 
Stone and Eichelberger (45) describe 
an apparatus for the preparation of 
water of a known oxygen content, as 
well as that used in the titration of 
dissolved oxygen in an atmosphere of 
CO.. The latter consists of a 1.0-ml. 
titration burette, graduated to 0.01 ml. 
and provided with a reagent reservoir 
and a 3-way pressure stopcock. The 
method consists in adding the water 
sample to an excess of chromous chlo- 
ride, the excess Cr** then being oxidized 
with an oxygen-free solution of KIO,. 
Potassium iodide is added and the lib- 
erated I, is titrated with chromous 
chloride in the presence of starch indi- 
eator. The presence of 10 p.p.m. of 
nitrite results in an inerease of 0.7 
per cent in the dissolved oxygen values. 
Marsh (23) developed a portable 
polarograph using a rotating platinum 
electrode for determining dissolved 
oxygen in oil-field brines. An accuracy 
of +5 per cent is claimed for the in- 
strument. It is possible to detect dif- 
ferences of 0.02 mg. per liter of dis- 
solved oxygen, even though the abso- 
lute error may be greater than this. 
Moggio and Burland (27) propose a 
method for the standardization of 
standard thiosulfate solution by using 
saturated solutions of dissolved oxy- 
gen. The method is fast and simple 
and an accuracy is claimed equal to 
that obtained with primary standards. 
Corrections must be made for baro- 
metric pressure and temperature. 


Nitrogen 


The determination of nitrogen in its 
various forms continued to interest 
many research workers during the year. 
Thompson and Morrison (46) made a 
detailed study of the determination of 
organic nitrogen by means of Nessler’s 
reagent. The variables studied by these 
workers included correct Nessler re- 
agent, presence of organic material, sul- 
fate concentration, alkalinity of Nes- 
slerized sample, temperature during 
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Nesslerization, effect of time of reading 
after Nesslerization, and the presence 
of metals which will react with iodine. 
They found that all of these factors 
affect the final color formed and the 
amount of turbidity present in the 
Nesslerized sample. Wiebke (50) de- 
termined small amounts of ammonia in 
the presence of hydrazine by precipitat- 
ing the latter with CuSO, in a sulfuric 
acid solution. The copper complex is 
allowed to settle at about 5° C. and fil- 
tered off. The ammonia was distilled 
into standard acid with methyl purple 
used as an indicator. 

Hayazu (11) used dry air instead of 
steam in expelling the ammonia in his 
micro-Kjeldahl determination. White 
and Long (48) carried out the micro- 
Kjeldahl digestion in sealed tubes in 
the presence of H,SO, and mercuric 
oxide. After reaching temperature the 
digestion is continued for 15 min. The 
method was found to be quite effective 
in the determination of various types 
of organic nitrogen which might be en- 
countered in industrial wastes. Mar- 
quex and Alliota (22) in the Kjeldahl 


. nitrogen determination add K,S,O, and 


H,0, in addition to the sulfurie acid. 
After carbonization of the organic mat- 
ter has taken place, the mixture is 
boiled and a second portion of both the 
K.S.0, and H,O, is added. Boiling is 
continued for 20 to 30 min., after 
which the mixture is made alkaline and 
the NH, is distilled off. Jenkins (13) 
studied the effect of urea hydrolysis on 
the determination of NH, in sewage. 
He found that urea was completely 
hydrolyzed to NH, by incubation for 
2 hr. at 33° to 35° C. in the presence of 
five urease tablets per liter, or by stand- 
ing at room temperature for 24 hr. 
without the addition of urease. Sec- 
ondary and final tank effluents, on the 
other hand, showed no increase in NH, 
content either with or without the ad- 
dition of urease, due no doubt to the 
prior hydrolysis. He concludes that 
fresh sewage should be allowed to stand 
24 hr. before the NH, is determined, 
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unless it is desirable to know the urea 
content. Jenkins (14) also determined 
organic nitrogen in sewage, effluents, 
and river waters by boiling the sample 
with caustic and Devarda alloy prior 
to digestion with sulfuric acid and dis- 
tillation. Buljan (3) used a method 
for the determination of NH, in sea 
water based on its action on a hypobro- 
mite in an alkaline solution. In an acid 
solution the NH, will not react. There- 
fore, hypobromite is added in equal 
quantities to two samples of sea water, 
one of which is acidified. The excess 
hypobromite is estimated volumetri- 
cally by the addition of a Bordeaux B 
dye solution. Jenkins (15) determined 
nitrite plus nitrate by heating the 
residue from the NH, determination 
with Devarda alloy and distilling into 
N/140 H,SO,. 


Phenols 


With increased interest in stream 


pollution by industry, a wide variety 
of problems has arisen in the analysis 


of industrial wastes. To evaluate all of 
the analytical procedures applicable to 
such wastes that have been published 
in the past year would be a major 
problem. However, certain methods 
have been published that are applicable 
to a wide variety of industrial wastes. 

The phenolic group of compounds, 
due to their taste- and odor-producing 
characteristics in water supplies, have 
received considerable attention from 
the analytical standpoint. Ettinger 
and Kroner (7) discuss in detail the 
necessary steps involved in their de- 
termination in industrial wastes. These 
steps may involve one or more distil- 
lations, alkaline evaporation, solvent 
extraction, and precipitation of inter- 
fering materials. The final evaluation 
may be made colorimetrically by either 
the Gibbs or the 4-aminoantipyrine 
methods. Ettinger et al. (8) evaluated 
the various factors involved in the 
determination of phenol by the 4- 
aminoantipyrine method. The factors 
studied included effect of pH, tempera- 
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ture, order of addition of reagents, 
reagent concentration, ete. It was 
found that greater sensitivity could be 
obtained by extracting the color with 
chloroform. The method is sensitive 
to about 2 p.p.b. with this procedure 
when applied to surface waters. Dan- 
nis (6) also investigated the 4-amino- 
antipyrine method for the determina- 
tion of phenols in coke plant wastes. 
He studied some of the factors involved 
and coneluded that the method could 
frequently be used without preliminary 
distillation. The time involved in this 
case is about 10 min. Shaw (42) also 
studied the determination of phenol in 
coke plant wastes and for phenol con- 
centrations above 30 p.p.m. used a 
bromination procedure. For low con- 
centrations of phenols he used the 4- 
aminoantipyrine method, for which he 
claims a sensitivity of about 20 p.p.b. 
In this case, however, the color formed 
is read in the aqueous phase, no ex- 
traction procedure being used. Shaw 
stresses the fact that the factors con- 
trolling the reaction must be rigidly 
adhered to. Another approach to the 
determination of phenolic compounds 
was made by Simard et al. (43) by 
means of infra-red spectroscopy. These 
workers used bromination as the first 
step, with subsequent extraction of the 
bromphenols with CCl,. The optical 
density of the extract is measured at 
2.84. Less than 10 p.p.b. of phenol 
can be determined. 
Oils 

Simard et al. (43) determined oil on 
the same CCl, extract used for the de- 
termination of phenolic compounds. 
In this case the optical density was 
measured at about 3.4n. A mixture of 
cetane, iso-octane, and benzene was 
used as a reference standard. It is 
claimed the method is sensitive to 0.1 
p.p.m. of oil in a water sample. 
Musante (30), in the determination of 
oil in refinery waste waters, extracted 
serially a 3-l. sample (acidified with 
HCl) with nitration grade benzene, 
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The solvent is removed by careful dis- 
tillation and the oil residue weighed. 


Organic Compounds 


Braus et al. (2) outline a procedure 
for the isolation of organic compounds 
in water, which no doubt could be ap- 
plied also to the study of various in- 
dustrial wastes. The method consists 
essentially of passing a large volume of 
the water through an activated carbon 
filter, which adsorbs the organic com- 
pounds present in the water. The car- 
bon is extracted with ether or chloro- 
form. The residue from this extract is 
broken down by micro-organie methods 
into various groups, such as phenolic, 
neutral, acidic, amphoteric, and basic. 
These groups can be further separated 
by micro-techniques into the organic 
compounds present. 


Color 


In many cases it is advantageous to 
know the color intensity of an indus- 
trial waste that is to be discharged to a 
receiving stream. Rudolfs and Hanlon 
(39) have proposed a_ spectrophoto- 
metric method for determining the ab- 
sorption characteristics of waste sam- 
ples. These characteristics are related 
to the tristimulus values and a standard 
illuminant source. Results are ex- 
pressed in dominant wave length (mil- 
limicrons), luminance (per cent), and 
purity (per cent). The transmission 
characteristics are determined at pH 
7.6 and also at the pH of the waste 
sample. The same authors (40) also 
propose a more simplified method using 
tristimulus light filters combined with 
a specific light source and photoelectric 
cell for the determination of the color 
of industrial wastes. The results ob- 
tained by this method are approxi- 
mately the same as those obtained by 
the spectrophotometric method. 


Cyanides 


One of the most toxic constituents of 
industrial wastes, particularly by- 
product coke and metal finishing waste, 
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is the cyanide radical. Many methods 
have been proposed for its determina- 
tion and research is still being con- 
ducted. Kruse and Mellon (17) review 
the determination of eyanide by the 
pyridine-pyrazolone method and claim 
greater sensitivity and color stability 
for it than by the pyridine-benzidine 
method. No experimental data are 
given. Nusbaum and Skupeko (31) 
studied the determination of cyanide 
in sewage and polluted waters by 
the pyridine-benzidine method. They 
formed the cyanogen-halide by the ad- 
dition of bromine to the sample acidi- 
fied with H,PO,. The excess Br was 
destroyed with sodium arsenite. Butyl 
alcohol is used as the extractant for the 
cyanogen-bromide and the color is de- 
veloped in the alcohol layer on the ad- 
dition of the pyridine-benzidine rea- 
gent. Free cyanide can be determined 
by this method in the range of 0.02 to 
0.50 p.p.m. with little interference. 
Thiocyanates can also be determined by 
the proposed method. Will (51) made 
a comparison of various methods for 
the determination of cyanide. The 
methods studied (no experimental data 
are given) included the Liebig, phenol- 
phthalin, pyridine-benzidine, and pyra- 
zolone procedures. 


Metallic Ions 


The determination of metallic ions 
in industrial wastes has assumed in- 
creased importance, due to their toxic 
effect upon the biological equilibrium 
of the receiving stream. Butts and 
Mellon (4) studied the polarographic 
determination of such ions as Cu, Fe, 
Cr, Cd, Ni, and Zn in industrial wastes. 
Horvai (12) determined copper colori- 
metrically with the sodium salt of 
tetrabromophenolphthalein. The sensi- 
tivity of the method is not mentioned 
and it is necessary to remove both iron 
and chromium prior to the analysis. 
Fassett et al. (9) were able to determine 
from 0.06 to 15 pg. of Cr with an ac- 
curacy of 5 per cent by the diphenyl- 
earbazide reaction by varying the 
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absorption cell length and the final 
volume. 


Chlorine 


Chlorine is finding increased useful- 
ness in the fields of sewage and in 
dustrial waste treatment and is no 
longer confined to the field of water 
treatment practice. Nusbaum and 
Meyerson (32) made a study of five 
methods for the determination of chlo- 
rine in checking the chlorine demand of 
sewage samples. They found excellent 
between the  p-aminodi- 
methylaniline and acid starch-iodide 
methods. The neutral O.T. method also 
checked with these, but was harder to 
read, due to fading. The acid O.T. and 
neutral starch-iodide method showed 
no correlation. The authors also used 
an amperometric method. Lur’e and 
Nikolaeva (19) also studied various 
methods for the determination of free 
chlorine and chloramine in water. 
They recommend the methyl orange 
method for determining the chlorine 
demand of water. They state that in 
the arsenite-tolidine and p-aminodime- 
thylaniline methods part of the mono- 
chloramine is calculated as free chlo- 
rine. Marks et al. (21), by the proper 
control of the iodide ion concentration 
and pH, were able to quantitatively 
separate hypochlorous acid, mono- 
chloramines, and dichloramines by 
amperometric titration. The hypochlo- 
rous acid is titrated at neutral pH with 
phenylarsineoxide, a small quantity of 
KI is added, and the monochloramine 
also is titrated at neutral pH. The pH 
is then lowered to 4, more KI is added, 
and the dichloramine is titrated. Wil- 
liams (52) also determined free chlo- 
rine, monochloramines, and dichlor- 
amines by amperometric titration. He 
also compared the results obtained am- 
perometrically with those obtained with 
the Palin colorimetric method. Nus- 
baum and Skupeko (33) used the well- 
known cyanogen-halide plus pyridine- 
benzidine reaction for the determination 
of free and combined chlorine. The free 
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chlorine is destroyed by arsenite and 
the combined chlorine is determined by 
the same reaction. From 0.055 to 1.4 
p.p.m. of available chlorine can be de- 
termined by the method. The authors 
claim the method is particularly suit- 
able for use on sewage chlorination. 
Aitken and Mercer (1) describe a 


photometric method for the determina- 
tion of free and combined chlorine by 
buffered o-tolidine at a pH of 7.0. 


Miscellaneous 
Mestayer (25) used a_ volumetric 
method for the determination of sulfate 
in water samples. The sulfate is pre- 
cipitated with an excess of 0.01 N 
3aCl,, the mixture is evaporated to 
dryness, and then taken up in 50 per 
cent alcohol. The excess BaCl, is de- 
termined by titration with standard 
(NH,).SO,, using as indicator a mix- 
ture of Victoria blue, barium rhodizo- 
nate, and ignited tale. 

Mannelli (20) and his co-workers 
have studied the use ‘of adsorption 
indicators in the argentometric de- 
termination of halides and SCN-. The 
ones which seem to be particularly use- 
ful are Bordeaux red and Orange II. 
With these, both I and Cl ean be de- 
termined in the same solution. 

Rose (388) describes a _photo-ex- 
tinction apparatus for the determina- 
tion of turbidity in water samples. It 
is claimed the apparatus will give ab- 
solute results and that no calibration is 
required. 
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SEWAGE 


General 
Disease 


A series of papers was published by 


Rudolfs, Falk, and Ragotzkie (149) 
(150) (151) (152) (153) (154) on the 
contamination of vegetables grown on 
polluted soil. On the of the 
studies the general conelusion was 
drawn that there was no evidence that 
pollutional bacteria, amoeba, or hel- 
minth eggs penetrate healthy unbroken 
surfaces of vegetables, causing internal 
contamination. Vegetables to be eaten 
raw can be grown without health haz- 
ard in soils that have been subject to 
sewage irrigation, night soil applica- 
tion, or irrigation with polluted water 
in years prior to the season in which 
the vegetables are grown. Vegetables 
grown under conditions of surface sew- 
age irrigation showed no higher ecoli- 
form concentration that those grown on 
normally farmed soil. If sewage 
sludges or night soil are applied on 


basis 
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the surface of the soil or sewage ef- 
fluents are applied by overhead irri- 
gation during the growth of vegetables, 
such application should be stopped 
at least one month before harvest. 
Strains of Salmonella and Shigella do 
not survive on vegetable surfaces for 
more than one week, hence conclusions 
based on coliform contamination offer 
a considerable margin of safety. Bac- 
teria applied to vegetable surfaces are 
tenaciously held and protected from 
the external environment, which per- 
mits their survival and explains the 
difficulty of their removal by artificial 
means. The resistance of eysts of 
Endamoeba histolytica to external en- 
vironment depends almost entirely on 
the amount of moisture, because they 
die immediately upon desiceation. A 
lapse of at least one to two weeks after 
the last application of the contamina- 
ting material is required before har- 
vesting to reduce the health hazard of 
amoebic dysentery. Although eggs of 
Ascaris swum were recovered in re- 
duced numbers from vegetables one 
month after application, they had all 
degenerated. A lapse of one month 
after the last application of fecal mat- 
ter prior to harvesting will reduce the 
hazard of transmission of Ascaris 
greatly. Storage or washing of vege- 
tables in plain water or with water con- 
taining various detergents is ineffective 
as a means of decontamination for bac- 
teria or for helminth eggs. Rinsing 
with water containing a germicidal 
concentration of chlorine is effective 
for decontamination against bacteria, 
but not for helminth eggs. The only 
reliably effective method for decon- 
tamination of bacterial, amoebic, and 
helminthic organisms is pasteurization 
at 60° C. for 5 min. 

Salmonella organisms were recovered 
from a significant proportion of sam- 
ples of irrigation water contaminated 
with effluent from primary tanks, but 
were not recovered from samples of 
vegetables irrigated with this water by 
Dunlop, Twedt, and Wang (40). Cysts 
of E. histolytica added to damp loamy 
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soil remained viable for at least 8 
days, whereas in clean aerated water 
they were culturable for 4 days or 
less according to Beaver and Deschamps 
(22). 

A comparison of the survival of 
coliform organisms and enterococci in 
soil made by Mallmann and Litsky 
(113) showed that, whereas coliform 
organisms persist for long periods, the 
enterococci die out rapidly and viru- 
lent typhoid bacteria die out even more 
rapidly than the enterococci. The lon- 
gevity of all these organisms was pro- 
longed with an increase in the organic 
content of the soil. The authors con- 
cluded that enterococci appear to be 
good indicators of public health haz- 
ards from sewage in soil and vegetables. 

A modification of Winter and Sand- 
holzer media and technique for enter- 
ococci detection was suggested by Wang 
and Dunlop (192). 

Seobey (162) calls for a reappraisal 
of the poliomyelitis problem on the 
basis of the failure of the virus theory 
to explain the disease adequately after 
an intensive period of research. The 
infectious and epidemie character of 
the disease has been over-emphasized, 
according to the author, at the expense 
of the more promising toxicological ap- 
proach. 


Microbiology and Biochemistry 


A review of microbiological aspects 
of lignin degradation is presented by 
Gottlieb and Pelezar (56). No evi- 
dence of a specific or identified bacteria 
has been found in the literature as- 
sociated with the natural degradation 
of lignin. Similarly, no enzyme prep- 
aration has been reported capable of 
bringing about the degradation of lig- 
nin. Hajny, Gardner and Ritter (63) 
reported the isolation of a thermophilic 
organism capable of fermenting not 
only sugars, hemicelluloses, and cellu- 
lose, but also a part of the cellulose in 
untreated wood. The main products of 
fermentation were acetic, butyric, and 
lactic acids in yields approximating 50 
per cent of the carbohydrate consumed. 
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The yield of acids from untreated saw- 
dust was 15.9 per cent of the weight 
of the dry wood. A prior mild acid 
hydrolysis of the sawdust increased 
the yield to 26.4 per cent. 

Sisal, manila, hemp, flax, jute, arti- 
ficial silk, nylon, and perlon were sub- 
mitted to aerobic and anaerobic bac- 
terial action by Von Wolzogen (189). 
The natural fibers were strongly at- 
tacked after 2 to 3 years and the arti- 
ficial fibers in 3 months to 214 years. 
The latter were more susceptible to 
aerobic decomposition than to anaerobic 
deterioration. 

According to Silliker and Rittenburg 
(163) the ability to oxidize fatty acids 
is not an uncommon property of aero- 
bie bacteria. Serratia marcescens was 
able to oxidize from 2-carbon to 14- 
carbon fatty acids. If the inoculum 
was derived from sugar medium the 
subsequent oxidation of the fatty acids 
manifested a lag period, although no 
such lag period was obtained when the 
inoculum was derived from a medium 
containing fatty acid. This is sug- 
gestive of adaptive enzymes. This con- 
clusion was further elaborated upon in 
a subsequent paper by the same au- 
thors (164). 

Biochemistry of nitrification in soil 
is reviewed by Quastel and Scholefield 
(142). A special technique of soil per- 
fusion method used by the authors and 
the results obtained by this method are 
discussed. It was concluded that ni- 
trification is a function of the degree of 
adsorption of the ammonium ions in 
the soils’ base exchange complexes. This 
is interpreted to mean that nitrifying 
bacteria grow adsorbed on the surfaces 
of the soil crumbs at sites where am- 
monium ions are held in base exchange 
combination. When all the relevant 
sites at the surface have been occupied, 
further growth of the organisms ‘does 
not occur except to replace cells which 
have died. Only a very few living 
nitrifying cells enter into the soil solu- 
tion. This follows from the concept of 
bacteria saturated soil; namely, a soil 
where the area of proliferation is limi- 
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ted and cannot be extended owing to 
full occupancy of available sites. A 
soil saturated with nitrifying bacteria 
brings about a relatively rapid nitrifi- 
cation, but until the soil becomes satur- 
ated with nitrifying bacteria there is a 
lag period. The soil saturated with 
nitrifying bacteria acts like an enzyme 
system with no proliferation of the 
organisms except to replace the dead 
cells. If instead of ammonium ions, 
organic nitrogen compounds are fed, 
a soil saturated with nitrifying bacteria 
will manifest a lag period, indicating 
that organisms must first develop that 
can convert these compounds to free 
ammonia, which is subsequently nitri- 
fied. 

Temple and Colmer (177) obtained 
from acid mine water an iron-oxidizing 
bacterium that lives autotrophically 
upon inorganie media containing fer- 
rous iron under conditions such that 
atmospheric oxidation is excluded. 


This bacterium also grows autotrophi- 
cally on thiosulfate and has, accord- 


ingly, been named Thiobacillus ferro- 
oxidans. 

With the use of the direct methods 
of oxygen utilization, the influence of 
factors such as pH value, nutritional 
deficiency and requirement, substrate 
concentration, and origin, volume, and 
character of seed on the biochemical 
oxidation of a number of wastes was 
studied by Heukelekian and Gellman 
(74). 


Sedimentation 


The article by Poepel (139) on set- 
tling tank design which was abstracted 
last year by Keefer (88) has been dis- 
cussed by Gifft and McKee (53) and 
Coberly (31), and rebutted by Poepel 
and Keefer (138). Coberly gives in- 
stances of satisfactory operation of 
sedimentation tanks designed on the 
basis of a formula similar to one pro- 
posed by Poepel. 

The Cambridge, Mass., waterworks 
(39) has added two shelves to each of 
its 18-ft. deep settling tanks, thereby 
dividing the water flowing through 
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into three streams each about 5 ft. deep. 

Schmitz-Lenders, Struder, and Peil 
(160) describe excellent results ob- 
tained over a 13-yr. period with large 
single-blade sludge removal mechan- 
isms in settling tanks. The mechan- 
ism consists of a single parabolic- 
shaped scraper so constructed that the 
thrust of the scraper on the sludge is 
radial and toward the center, thus 
reducing the cireumferential movement 
of the sludge. The scraper can be con- 
structed in overlapping sections. 

Thatcher and Lucas (179) describe 
developments simplifying the operation 
of rectangular sedimentation tanks and 
enabling existing tanks of good design 
to be modernized by installation of 
mechanical desludging facilities. It is 
stated that the operating costs of rec- 
tangular tanks using the improved sys- 
tem are significantly less than those of 
circular tanks. 

Two reviews of current design prac- 
tice have appeared. Gilbert (54) re- 
views current practice in this country 
and Grubb and Hancock (61) review 
English practice on upward-flow tanks. 

Thoman (180) presents a statistical 
summary of grit chamber usage giving 
the number of sewage plants having 
grit chambers, with special reference 
to type of sewer system and selected 
operating data from a group of 30 
plants. 

Parshall (133) describes hydraulic 
model studies of a sand trap employing 
both the riffle-deflector and vortex tube 
principles, which may have some pos- 
sible application in grit chamber de- 
sign. 


Chemical and Mechanical Methods 
Chemical 


Murray, Fischer, and Sabean (127) 
studied the effects of time and tempera- 
ture of burning on quicklime proper- 
ties. They report that porosity, sur- 
face area, and reactivity with water 
are closely related and that porosity 
is determined primarily by rate of heat- 
ing during calcination. 
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Wooster, Ohio (36) uses chemical 
precipitation as an aid to plain sedi- 
mentation during periods of the year 
when the receiving stream cannot as- 
similate the plant effluent. With 17 
p.p.m. ferric chloride and 170 p.p.m. 
ealeium oxide the reduction in sus- 
pended solids increased 27.8 per cent 
and in B.O.D. increased 55.8 per cent. 

Lumb (110) reviewed the history 
and present status of chemical pre- 
cipitation in Great Britain. It is esti- 
mated that in 1937 about 10 per cent of 
3,000 sewage treatment plants used 
chemicals for precipitation. The most 
commonly used chemicals are alum and 
lime. 


Mechanical 


Two interesting articles on the ap- 
plication of ultrasonic vibrations in 
sewage treatment appeared during the 
past year. Coleman and Gotaas (33) 
review the basic principles of ultra- 
sonics and its applications. They state 
that ‘‘coagulation has been accelerated, 
wet solids have been dewatered, mi- 
eroscopic organisms have been killed, 
immiscible liquids have been mixed, 
liquids have been degassed, and oxida- 
tion has been accelerated.’’ Possible 
fields of application in sewage treat- 
ment appear to be in suspended solids 
removal, sludge dewatering, and sewage 
disinfection and stabilization, but at 
the present time these methods do not 
appear practical on the large scale re- 
quired. 

Lyon (112) reports experiments on 
the improved rates of sedimentation of 
activated return sludge and activated 
mixed liquor following ultrasonic vi- 
brations. The former settled twice as 
fast after 10 min. of vibration and three 
times as fast after 15 min. of vibration 
as the unvibrated sludge. In the case 
of the mixed liquor, following 10 min. 
of vibration, the sample settled as much 
in 3 min. as the unvibrated sample set- 
tled in 15 min. 

Two articles on sand filtration of 
treatment plant effluent in South 
Africa have been published recently. 


. 

| 

iy 


554 


Wilson (199) states that filtration of 
effluents may be necessary to remove 
fine humus or activated floc in certain 
areas. The ova of parasitic worms and 
cysts found in effluents can be elimi- 
nated to a very considerable extent by 
sand or land filtration. Using humus 
tank effluent containing 22 to 39 p.p.m. 
of suspended solids and a filtration rate 
of 200 gal. (Imp.) per sq. ft. per hr., 
Heynike and Westhof (76) obtained a 
removal of 83 to 91 per cent of sus- 
pended solids and 23 to 40 per cent of 
oxygen absorbed. Backwashing rates 
of 22 to 25 gal. (Imp.) per sq. ft. per 
min. in which the sand expanded 40 to 
50 per cent appeared satisfactory. 
Krom 50 to 60 gal. per sq. ft. of filter- 
ing media were required. When air 
scouring was used lower backwashing 
rates of 15 gal. per sq. ft. per hr. ap- 
peared effective, using 60 gal. per sq. 
ft. of filter media. 


Combined Chemical and Mechanical 


Gibbs (52) treated the wastes from 
a soap plant and paper mill by ad- 
justing the pH to an optimum value 
before aerating and removing sludge 
by flotation. Ludwig and Ludwig 
(108) flocculated grease from the skim- 
med washing of oil and paint drums by 
the use of alum followed by aeration. 
Cincinnati, Ohio, has awarded a con- 
tract (18) for the construction of the 
Little Miami sewage works. The plant 
is of the floeculation-aeration-chemical 
treatment type and has a 28.8-m.g.d. 
dry-weather flow capacity. 


Biological Filters 
The Water Pollution Research 
(194) of Great Britain continued var- 
ious investigations relating to the bio- 


soard 


logical filtration of sewage. They 
studied the comparative efficiency of 
four trickling filters, two of which were 
equipped with rotary distributors that 
rotated once in 8 min., and the other 
two with distributors that rotated 
once in 1 min. to once in 4 min. The 
effluent from the filters equipped with 
distributors revolving at the slower 
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rate was generally better than that 
from the filters dosed more frequently. 
The performance of two trickling filters 
operating in parallel was compared 
with two similar filters in series, ex- 
cept that in the latter case the ef- 
fluent from the first filter passed to a 
settling tank before being discharged 
on the second filter. There was no 
great difference in the two effluents. 
However, there was a tendency for the 
final effluent to be slightly better when 
the primary filter effluent had passed 
through a humus tank. Settled sew- 
age was treated on a series of small- 
scale filters 6 ft. deep at rates varying 
from 120 to 1,200 g.p.d. per eu. yd. 
During a portion of the test period the 
B.O.D. of the filter effluents after 
quiescent settling for 1 hr. varied from 
about 25 p.p.m. when the rate was 120 
g.p.d. per cu. yd. to 63 p.p.m. when 
the rate was 1,200 g.p.d. per cu. yd. 

Tomlinson and Hall (184) reported 
the results from experimental filters 
treating sewage without recirculation 
at rates from 100 to 1,000 g.p.d. per eu. 
yd. With increasing rates of applica- 
tion the B.O.D. in the effluent in- 
creased; above 450 g.p.d. per cu. yd. 
the increase was nearly linear to the 
rate of application. The suspended 
solids varied little with increasing 
dosages. At the higher rates of ap- 
plication the amount of film decreased 
with depth. The largest numbers of 
Psychoda were present at the middle 
rates of application (450 to 600 g.p.d. 
per cu. yd.) <A very high removal of 
B.O.D. was obtained in the top foot 
of the bed. The contact time in the 
bed varied from 105 to 110 min. at the 
100-gal. rate of application to 17 to 
20 min. at the 1,000-gal. rate. From 
the contact times determined by salt 
test, the velocity constant in the mono- 
molecular formulation of the B.O.D. 
removal was calculated to be about 700 
times the rate of removal 68.0, in the 
5-day B.O.D. test. 

Studies continue to be made to de- 
termine the performance of trickling 
filters under various load conditions. 
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At the Texas Engineering Experiment 
Station Sorrels and Zeller (168) de- 
termined the efficiency of four filters, 
each 6 ft. deep and containing gravel 
varied in size from 114 to 4 in. The 
volume of settled sewage applied to the 
filters varied from 1.6 to 5.4 m.g.a.d., 
and the B.O.D. load ranged from 450 to 
1,500 Ib. per acre-fooet daily. Trickling 
filters receiving loads of 650 lb. of 
B.O.D. per acre-foot per day produced 
effluents equal in quality to filters 
treating loads of 450 Ib. per acre-foot 
daily. It was estimated that loads up 
to 1,000 lb. of B.O.D. per acre-foot per 
day could be handled with moderate 
additional dilution in the receiving 
water. A decrease in efficiency was ob- 
served with loadings greater than 1,000 
lb. of B.O.D. 

The performance of a 6-ft. deep slag- 
filled trickling filter, at the University 
of Florida, when treating settled do- 
mestic sewage applied at rates varying 
from 5.0 to 20.0 m.g.a.d. and with 
B.0.D. loadings ranging from 1,167 to 
5,470 lb. per acre-foot daily was dis- 
cussed by Grantham (58). Through 
the entire range of loadings, the ef- 
ficiency as measured by 5-day B.O.D. 
removals remained constant. Nitrifi- 
cation of the filter effluent decreased as 
the organic and hydraulic load in- 
creased, Considerable B.O.D. removals 
were observed at the 2- and 4-ft. levels 
in the filter. 

The performance of an underloaded 
Aero-Filter plant was studied by Hur- 
witz (82). The loading on the filter 
was 0.92 lb. B.O.D. per cu. yd. per day, 
of which 83 per cent was removed. 
Over-all removal of B.O.D. by the plant 
was 92 per cent. 

Mugele and Evans (125) have 
studied droplet size distribution in 
sprays and have critically reviewed 
several distribution equations to de- 
termine their theoretical soundness as 
applied to spray data. They have 
formulated a new equation for describ- 
ing droplet size distributions in sprays. 
It is based on the differential equation 
of the Gaussian distribution, the dis- 
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where y is a dimensionless function of 
x, a is a dimensionless parameter, z is 
the droplet diameter, and z,, is the 
maximum stable diameter. 

Experiments with spent gas liquors 
made in two large-scale trickling filters 
were reported by Blackburn, Tomlin- 
son, and Summers (25). The addition 
of the liquor in a concentration of 
0.5 per cent by volume caused a sig- 
nificant deterioration of the quality of 
the effluent. Experiments with crude 
hiquor were made on small 1-ft. diam- 
eter filters. The greatest deterioration 
was caused by the addition of the frac- 
tion containing thiocyanate, ammonia, 
and organic substances, and also by the 
fraction containing carboxylic acids 
and humie acids. Of the phenol frac- 
tions, those containing polyhydric 
phenols caused significantly greater 
deterioration than the fractions con- 
taining monohydrie phenols. 

Pettet and Thomas (136) report on 
the effect of cyanides on the treatment 
of sewage by laboratory-scale trickling 
filters. They caution against permit- 
ting sewage that contains more than 
1 to 2 p.p.m. of HCN to be received at 
sewage treatment works. The experi- 
mental filters could be acclimatized to 
much greater concentrations with a re- 
moval of 90 to 97 per cent of the 
cyanide. However, considerable time 
is required to acclimatize the filters, 
with the result that a highly toxic ef- 
fluent would be produced. Sudden 
flushes of solutions containing high 
concentrations of cyanide that may 
completely inhibit biological activity in 
the filters should be avoided. Filter 
effluent containing more than 0.1 p.p.m. 
of HCN was toxic to yearling rainbow 
trout. 

Greeley (60) discussed the perform- 
ance and cost of high-rate trickling 
filters, particularly with reference to 
their use in the United States. He 
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reviewed the various types of high- 
rate plants involving the use of high- 
rate filters operating ahead of lower- 
rate filters, single-stage high-rate filters 
with and without recirculation, and 
high-rate filters in two stages with or 
without recirculation. The operating 
results at eight municipal and one 
United States military establishment 
were discussed. Graphs were given 
showing the relationhip between the 
B.O.D. applied to filters and the per- 
centage removal of B.O.D. by filters 
and humus tanks. Greeley coneluded 
that ‘‘operating data need further 
study and design procedures need fur- 
ther development to arrive at the best 
over-all economy and the most desirable 
operating routine. Bases of design 


should therefore be conservative and 
the plant facilities should permit rea- 
sonable flexible operation.’’ 

In his studies of the difference in 
performance of trickling filters and 
secondary settling tanks during sum- 
mer and winter at 9 U. S. military 


camps, Thomas (181) concludes that 
the lowered efficiency in winter re- 
sulted in the effluents having a B.O.D. 
approximately 20 per cent greater in 
winter than in summer. To attain the 
same degree of treatment in winter as 
in summer he estimates that filter vol- 
umes would have to be 43 per cent 
greater. 

Extensive experiments were con- 
ducted by Lumb and Barnes (111) at 
Halifax, England, to determine the 
optimum period between doses of sew- 
age applied to trickling filters. The 
experiments were conducted on three 
experimental-seale filters, each 6 in. in 
diameter and 6 ft. deep, and on two 
full-scale filters, each 65 ft. in di- 
ameter equipped with 4-arm rotary 
distributors. The optimum period be- 
tween doses of sewage was between 4 
and 9 min. ‘‘A heavily-dosed full-size 
filter bed fed with a distributor dosing 
at approximately 1-min. intervals pro- 
duced a better effluent and kept in a 
cleaner condition—than a control bed 
dosed virtually continuously.’’ Filters 
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equipped with slowly-revolving dis- 
tributors exhibited less tendency to 
pond than beds provided with rapidly- 
rotating distributors. 

Grantham and Seeger (59) reported 
on the length of time it took trickling 
filters, 6 and 8 ft. deep and containing 
new and formerly used blast furnace 
slag, to mature and produce an ac- 
ceptable effluent. Contrary to expecta- 
tions, high efficiencies as measured by 
B.O.D. removal were obtained within 
7 days whether new or previously used 
filter slag was used. To obtain nitrifi- 
cation in the filter took considerably 
longer than to secure a high B.O.D. re- 
moval. Nitrification was secured more 
rapidly when previously used filter 
slag was employed. 

Rankin (148) discussed the design 
of trickling filters with special em- 
phasis on the design of high-rate filters. 
His article includes diagrams giving 
the estimated performance of primary 
and secondary filters with various 
B.O.D. loadings and _ recirculation 
ratios. 

In a study of trickling filter ma- 
terials Schroepfer (161) investigated 
(a) the relationship between the sur- 
face area and shape ratio (the greatest 
major dimension of trickling filter 
media divided by the least dimension 
perpendicular to the long axis) of the 
filter materials, (b) the effect of shape 
ratio on the unit weight and therefore 
on the voids in the materials, and (c) 
the effect of the median particle size 
—for a given shape ratio—upon the 
surface area and voids in the materials. 
From a_ theoretical standpoint the 
shape factor had little effect on the 
surface area and, consequently, on the 
efficiency of a trickling filter. An in- 
crease in shape ratio resulted in an 
inerease in the percentage of voids. 

Studies (55) were conducted at Hud- 
dersfield, England, to determine the 
effectiveness of a special premoulded 
tile when used as the media in a trick- 
ling filter. Each tile consisted essen- 
tially of a W%-in. deep shallow tray 
with a 14-in. flat rim, standing on three 
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legs. The tiles were stacked one above 
the other to a depth of 7 ft. Although 
these tiles offered every hope of yield- 
ing improved results when judged by 
their surface area, void space, and 
aeration capacity, they produced an 
effluent inferior to that from a filter 
containing conventional media. The 
advantages of a special prefabricated 
tile media for use in trickling filters 


were discussed by Leibee and Smith 


(102). The tile is made in 12-in. 
lengths with l-in. diameter holes ex- 
tending longitudinally through the 
tiles. The tiles are doweled in place 
in a vertical position, permitting the 
holes to extend from the top to the 
bottom of the filter. This material 
provides 20 to 22 sq. ft. of surface per 
eubie foot of media. The authors rec- 
ommend B.O.D. loadings as high as 
3.33 Ib. per cubic yard per day (5,380 
lb. per acre-ft. daily). 

A number of ‘‘cellular’’ trickling 
filters (23) serving from 50 to 1,500 
persons have been built in Germany 
since 1947. The filtering medium con- 
sists of lava filter-slack contained in 
chemical-resistant shallow concrete 
trays. The sewage is distributed on 
the surface of the filter by concrete 
channels. The sewage flows through the 
filter from tray to tray, picking up 
oxygen in its descent through the me- 
dium. 

In renovating one of the old trick- 
ling filters (15) at Forth Worth, Tex., 
it was discovered that one of the causes 
of its flooding and operating ineffi- 
ciently was that most of the drainage 
tile in the bottom of the filter was 
broken. To prevent this condition oc- 
curring again, all heavy equipment 
used to spread the filter stone when 
the filter was rebuilt was placed on 
wooden mats so that the load on the 
tile underdrains would not be exces- 
sive. Furthermore, only carefully 
graded stone, with larger sizes at the 
bottom, was used. 

Spiess (171) describes a _ novel 
method used successfully at Litchfield, 
Ill., to control the ponding of trickling 


CRITICAL REVIEW OF LITERATURE OF 1951 


557 


filters. Light tire chains, 18 in. long 
and spaced 8 in. on centers, are fas- 
tened to two light steel angles, each of 
which is 8 ft. long. The angles are 
secured to two of the arms of a rotary 
distributor. As the distributor rotates, 
the chains drag on the filter stone and 
serape off excess surface growth. By 
moving the angles along the distributor 
arms, new surfaces of the filter can be 
exposed to the action of the chains. 
The widespread adoption of modern 
insecticides, such as Gammexane (ben- 
zine hexachloride) and D.D.T., is re- 
flected in their use at widely scattered 
sewage treatment plants during the 
past few years to control trickling fil- 
ter flies. Tomlinson and Muirden (183) 
have reported on the use of Gam- 
mexane and D.D.T. for controlling fil- 
ter flies at 12 sewage treatment works 
in England. Treatment at rates of 1 
lb. of Gammexane or 5 to 10 Ib. of 
D.D.T. per acre appeared to be ade- 
quate for controlling Psychoda. The 
use of these amounts every two weeks, 
or twice these amounts every four 
weeks, effected reductions of 70 to 75 
per cent. Slightly better results were 
obtained by applying the insecticide 
biweekly. Tests indicated that samples 
of effluent from certain filters treated 
with Gammexane or D.D.T. at rates of 
1 or 10 Ib. per acre, respectively, con- 
tained concentrations of insecticide 
toxic to trout. McLachlan and Hogg 
(120), as a result of their tests at the 
Cydna sewage treatment works serving 
Johannesburg, South Africa, conclude 
that Gammexane ‘‘in suitable formula- 
tion offers the most convenient, effec- 
tive, and economical treatment for the 
control of Psychoda’’ which they had 
experienced. In discussing the above- 
mentioned tests, Walmsley indicated 
that he had controlled Psychoda at the 
sewage treatment works serving the 
Modderfontein dynamite factory by 
(a) improving sedimentation to reduce 
the load applied to trickling filters, 
(b) using chloride of lime, (e) re- 
circulating humus tank effluent, and 
(d) using Gammexane. He found the 
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use of Gammexane the most effective, 
least damaging, and most convenient 
of the four methods tried. Livingston 
(105) reports the successful use of 
Chem-Larv, a newly developed insecti- 
cide the chemical composition of which 
is not revealed, to control Psychoda 
flies at the sewage treatment plant 
serving Ridgewood, N. J. The recom- 
mended dosages are 16.7 lb. and 8.8 
lb. per acre-foot to low-rate and high- 
rate filters, respectively, to be applied 
over a 2-hr. period. 

Daviss (37) discussed the remodeling 
and the enlarging of the trickling fil- 
ters and humus tanks at the Minworth 
sewage treatment works of the Birming- 
ham, Tame, and Rea District Drainage 
Board, in England. Experiments con- 
ducted in conjunction with the Water 
Pollution Research Board indicated 
that ‘‘by having double filtration with 
a 24-hr. interchange of primary and 
secondary filters the Minworth settled 
sewage would give a consistently satis- 
factory effluent with a B.O.D. of less 
than 20 p.p.m. when dosed continu- 
ously at a rate not exceeding 250 
g.p.d. per cu. yd. of medium with 
settlement of the primary effluent.’’ 
At Minworth, filters operated on re 
circulation did not remain in as good 
condition as those on alternating double 
filtration. For design purposes a load- 
ing of 160 e.p.d. per cu. yd. of total 
medium on the average dry-weather 
flow has been adopted, with a peak 
loading of 240 g.p.d. The conversion 
of the sewage works is being made in 
stages. As each section is completed, it 
will be put into operation immediately. 
The filter area will be divided equally 
between primary and secondary filters, 
with humus tanks for each stage. 

What is perhaps the deepest trick- 
ling filter on record (3) went into 
operation during the summer of 1950 
in Cumberland Falls State Park, Ky. 
The filter is 14 ft. in diameter and 35 
ft. deep, with a rated loading of 400 
lb. of B.O.D. per acre-foot per day. 

Liebmann (104) reported that in 
underloaded filters there is a definite 
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zonal distribution of organisms. With 
increasing loads polysaprophytie and 
mesosaprophytie colonies move towards 
the bottom of the filter. Bacteria-eat- 
ing organisms exist near the top, 
whereas predators live near the bottom. 
There is also a horizontal gradation of 
organisms, which is more uniform when 
the sewage is weak. In flooded trick- 
ling filters practically only bacteria 
and protozoa exist in the slime. 

The behavior and distribution of 
larger worms in trickling filters was 
studied by Terry (178). Two types 
of earthworms found, namely, 
Lumbricus rubellus and Eisenia foe- 
tida. The worms are most abundant in 
beds of smaller-sized media and in the 
surface of filters in autumn and win- 
ter. In most filters little is seen of 
worms at the surface of the beds and 
the only indication of their presence is 
given by the large numbers washed 
out into humus tanks. They show an 
aversion to light, but migrate noeturn- 
ally to the surface of the bed. Experi- 
ments showed that a filter artificially 
colonized with worms gave a higher 
efficiency of purification than the con- 
trol. The seasonal variation of the 
worms is attributed to the effect of the 
grazing activities of other members 
of the fauna, which reduce the food 
for the worms. The worms perform a 
valuable role in the scouring of small 
filters. It is estimated that worms 
could deal with 3 cu. ft. of film per 
week. The worms are considered valu- 
able members of the fauna of filter 
beds, especially for small-sized media, 
and complement the grazing activities 
of insect larvae. 


were 


Activated Sludge 


Laboratory experiments by Keefer 
and Meisel (89) have shown that best 
activated sludge performance was ob- 
tained at pH 7 to 7.5, although remov- 
als of oxygen consumed, suspended 
solids, and bacteria were very good at 
pH values ranging from 6.0 to 9.0. Re- 
movals of oxygen consumed averaged 
about 43 per cent at pH 4.0 and 54 
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per cent at pH 10.0. At pH 5.0 to 5.5 
the organisms seemed to become ad- 
justed to the acidity and after a few 
weeks the removal of oxygen consumed 
increased from 48.3 to 82.1 per cent. 
Raising or lowering the pH on either 
side of neutrality greatly improved the 
sludge index. 

Heukelekian, Orford, and Manga- 
nelli (75) showed that sludge accumu- 
lation in the activated sludge process 
is influenced by the concentration of 
aeration tank solids, the sewage 
strength in terms of B.O.D. or sus- 
pended solids, and the relationship be- 
tween sewage strength and the solids 
concentration in the aeration tank. In 
general, the greater the concentration 
of activated sludge, the less the accu- 
mulation of suspended solids. 

Helmers et al. (69) conducted lab- 
oratory experiments on the stabiliza- 
tion of a number of industrial wastes 
with activated sludge from the stand- 
point of determining the nutritional 
requirements under various conditions 
of loading. The wastes studied (cot- 
ton kiering, rag-rope, and brewery 
wastes) were added to sewage at differ- 
ent volumetric dosages. All these 
wastes were found to have nutritional 
deficiencies. At low concentrations the 
deficiencies could be met from the nu- 
trients in sewage. At high loadings, 
if the deficiencies were not supple- 
mented artificially, the sludge pro- 
duced had poor settling and dewater- 
ing characteristics. 

Horwood et al. (80) isolated six 
floe-forming organisms from activated 
sludge, which under aseptie conditions 
of aeration and from sterile nutrient 
solution were able to produce good 
clarification and B.O.D. reduction and 
activated sludge-like mass. These or- 
ganisms were not identified as Zooglea 
ramigera, but apparently belonged to 
Enterobacteriaceae. 

According to Pillai (137), the proto- 
zoa Epistylis floceulates sewage solids 
effectively. These organisms are largely 
responsible for the color, composition, 
and activity of the activated sludge 


CRITICAL REVIEW OF LITERATURE OF 1951 559 


and are the main cause of the difficulty 
in drying the sludge. Horasawa (79) 
reported that the numbers and activity 
of activated sludge protozoa are af- 
fected by the numbers of bacteria in 
the sewage. Artificial additions of 
pure culture bacteria increase the num- 
bers of protozoa in the activated 
sludge. About 300 to 400 bacteria per 
protozoan are removed by ingestion in 
6 hr. The activated sludge surfaces are 
regenerated by digestion of bacteria 
and organic matter after ingestion and 
not by exo-enzymes. 

Aceording to Pasveer (134), the 
oxygenation of water in a_ tank 
equipped with rotary brushes takes 
place in the close vicinity of the brushes 
and especially in the mass of foam 
thrown up. 

Pasveer (135) considers the oxygen- 
ation capacity of activated sludge very 
important from the standpoint of puri- 
fication. It would be expected, there- 
fore, that increasing the oxygenation 
capacity would increase the purifica- 
tion capacity. Actual experiments by 
the author at a small activated sludge 
plant furnished with rotating brushes 
showed that by increasing the oxygen- 
ation capacity 4 to 5 times, by in- 
creasing the diameter of the brushes 
and the speed of revolution, he was 
able to obtain loadings equivalent to 
220 Ib. B.O.D. per 1,000 cu. ft. of 
aerator capacity with a mixed liquor 
suspended solids of 4,000 to 4,500 p.p.m. 
and obtain excellent effluents. 

Roe has reviewed the use of air dif- 
fusion in the activated sludge process 
(148) and the subject of pre-aeration 
and air flocculation (147). He pointed 
out that the advantages of pre-aera- 
tion are prevention of septicity, re- 
moval of odors, improved flocculation 
of solids, increased grease removal, 
and a general improvement of the sew- 
age to make it more suitable for subse- 
quent treatment. Kappe and Neigh- 
bor (86) also have discussed the ad- 
vantages of pre-aeration. They believe 
that present standards of design call 
for at least 30 min. of aeration, using 
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a minimum of 0.1 cu. ft. of air per 
gallon of sewage, or an amount neces- 
sary to maintain tank circulation. 
About 15 to 30 days of pre-aeration 
seem to be required before there is 
improvement in the removal of B.O.D. 
and suspended solids. Whitney (198) 
found that the use of pre-aeration 
ahead of the activated sludge units 
produced a 10 to 20 per cent removal 
of B.O.D., leveled off the load on the 
aerators, and increased the over-all 
B.O.D. removal. 

Impingement aerators, which consist 
of an air header on the bottom and a 
parallel recirculated liquor header 
over the air header, were described by 
Sperry and Walker (169). Air is re- 
leased through large (7/32-in.)  ori- 
fices. Recirculated liquor discharges 
downward against impingement dishes. 
Impingement of liquor on the dishes 
causes cavitation, physical contact, and 
shearing between the air and liquid 
immediately above the dishes. Ex- 
tremely fine bubbles may be obtained, 


but usually it is only desirable to pro- 
duce bubbles comparable in fineness 
to those from diffuser plates with a 


permeability of 30. Each impinger is 
rated at from 6 to 10 e.f.m. of air. 
Minimum air requirements to keep 
activated sludge in suspension are ap- 
proximately 5.0 ¢.f.m. per 1,000 cu. ft. 
of aeration tank volume. 

Pilot plant studies using the Aero- 
Accelator have been described by 
Eidsness (43). The equipment con- 
sists of an aeration and a settling com- 
partment in one unit. The settled 
solids are recirculated through the 
aeration compartment and large bub- 
bles of air are broken up and dispersed 
mechanically by a revolving multi- 
blade rotor. Results from Sioux Falls, 
S.D., and Austin, Tex., indicated 
B.O.D. removals of 85 to 90 per cent 
with 2- to 4-hr. detention and using 
from 0.5 to 1.38 eu. ft. of air per gal- 
lon of sewage. Ullrich and Smith 
(187) have discussed pilot plant stud- 
ies using the Biosorption process. Es- 
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sentially, the process consists of three 
distinct steps: (a) Intimate mixing of 
the activated sludge with raw sewage 
by aeration for 15 to 30 min. to allow 
adsorption of organic material; (b) 
separation of the sludge by sedimenta- 
tion; and (c) regeneration of the 
sludge by aeration for about 90 min. to 
permit its re-use in step (a). Results 
indicate that effluents averaging 14 
p.p.m. suspended solids (93.8 per cent 
removal) and 20 p.p.m. B.O.D. (92.5 
per cent removal) can be obtained. 

According to Edmondson (42), 
about 60 per cent of the Sheffield, 
England, aeration plant has been im- 
proved by installation of new paddle 
wheels fitted with triangular blades 
rotating at 30 r.p.m. When completely 
installed, the capacity of the plant will 
be inereased from 18 m.g.d. to 30 
m.g.d. (Imp.) The cost of aeration 
has been reduced about one-third. 

Increase in the B.O.D. of the settled 
sewage from 77 to 106 p.p.m. has 
increased the air requirement at the 
Wards Island plant of New York City 
to about 0.75 cu. ft. per gallon and has 
made the use of high-rate activated 
sludge, with its saving in air, attrac- 
tive. Torpey and Chasick (185) report 
that for several months about 110 
m.g.d. of settled sewage were treated 
in this manner, using 0.4 cu. ft. per 
gallon of sewage. The effluent con- 
tained about 25 p.p.m. of suspended 
solids and 30 p.p.m. of B.O.D. Length- 
ening the flow path in the final tanks 
has improved operation at both the 
Wards Island and Tallmans Island 
plants in New York City. 

Wirts and Ausflug (200) believe that 
it is better to thicken aeration tank 
effluent than excess sludge at the Cleve- 
land (Ohio) Easterly plant. A rela- 
tively constant proportion of the aera- 
tion tank effluent is settled in two final 
tanks, at overflow rates of about 400 
g.p.d. per square foot. For the past 
seven years the thickened sludge has 
averaged 2.49 per cent solids and the 
effluent 26 p.p.m. suspended solids. 
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Kirsch (94) stated that, at the Cleve- 
land Southerly plant, waste activated 
sludge is thickened in two Dortmund- 
type tanks. These are operated on a 
fill and draw basis, with an average 
sedimentation period of 7.5 hr. The 
thickened sludge averaged 2.7 per cent 
solids. 

Thomas (181) has reviewed the liter- 
ature on sewage treatment in low-tem- 
perature areas and found that acti- 
vated sludge aeration units had less 
difficulty with freezing than trickling 
filters. The effect of low temperature 
ean be counteracted, in a measure, by 
increasing either the aeration tank sol- 
ids or the detention period. 

Lamb (99) has discussed the design 
of small activated sludge plants using 
diffused air and presented curves 
showing the aeration periods, the air 
required for various strengths of sew- 
age, and the most economical tank di- 
mensions. 

New developments, particularly Bio- 
sorption, step aeration, and high-rate 
activated sludge, were discussed by 
Kalinske and Gillard (84). 

Continued interest has been shown 
in the cleaning of air diffusers. At the 
London County Council’s Northern 
Outfall works Bruce and Stevenson 
(29) found that diffuser plates clogged 
by rust, grease, microbial slime, hard- 
water scale, and sooty materials were 
brought back nearly to their original 
permeability by treatment with 50 per 
cent caustic soda followed by commer- 
cial hydrochloric acid diluted with an 
equal volume of water. The trays con- 
taining the plates were removed from 
the aeration channels for treatment. 
The cost of chemical treatment was 
about one-fourth of that for burning. 
They also reported that high humidity 
in the air caused an increase in the 
back pressure at the blowers. If the 
original humidity was more than 67 
per cent of saturation, condensation 
might be expected to oceur in the sys- 
tem. In extreme cases, as much as 
0.25 lb. of water might be condensed 
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from each 1,000 cu. ft. of air com- 
pressed. Experiments are in progress 
using plastic tubing (instead of gal- 
vanized wrought iron) downpipes to 
reduce corrosion. Long (107) stated 
that the diffusers at the Gravesend 
sewage disposal works are also cleaned 
successfully with caustic soda and hy- 
drochlorie acid. 

Samson (155) has cleaned sintered 
alundum plates by heating them di- 
rectly over a gas flame. However, the 
plates cracked very easily. Heating 
in a gas-fired oven, followed by slow 
cooling and wire brushing, was also 
successful in cleaning clogged plates. 
French (49) reported that when 
clogged diffuser plates at Wards 
Island were cleaned by spalling and 
jet washing every 4 to 6 months, blower 
pressures could be kept below 7.5 p.s.i. 
The spalled plates have now passed 
more than 4,500,000 cu. ft. of air each, 
or more than the amount passed before 
spalling. 


Chlorination 


The fourth Manual of Practice of the 
Federation of Sewage and Industrial 
Wastes Associations published in 1951, 
was titled: ‘‘Chlorination of Sewage 
and Industrial Wastes.’’ It consti- 
tutes a complete factual report on 
present-day chlorination practices 
(35). Also, a committee of the Federa- 
tion of Sewage and Industrial Wastes 
Associations has reported on problems 
involved in the availability and distri- 
bution of chlorine for sewage treat- 
ment purposes. Producers of chlorine 
are now required to supply chlorine 
for water and sewage treatment needs. 
The committee concludes that prob- 
lems of container size, and of unfavor- 
able local purchase practices are criti- 
eal; they are not easily rectified and 
should receive careful study directed 
toward their solution (34). 

The efficiency of chlorination for 
destroying sewage bacteria generally 
has been measured in terms of per- 
centage reduction; but the number of 
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coliform organisms varies from 10,000 
to 1,000,000, and the safety of a chlo- 
rinatéd effluent must be based on the 
actual number remaining in the efflu- 
ent as discharged. Laboratory studies 
have been made to formulate the chlo- 
rine dosages required to obtain stipu- 
lated residual coliform counts. Fresh 
and stale sewage, and trickling filter 
and activated sludge effluents were in- 
vestigated. The factors of contact 
time, dilution of sewage, initial num- 
ber of coliform organisms, and con- 
centration of chlorine solution applied, 
were all related. Most significant re- 
sults of the investigation are: chlorine 
dosage cannot be used as the basis of 
achievement of stipulated residual 
coliform organisms; in settled sewage 
the amount of chlorine required for a 
30-min. contact time is less than one- 
half of that required for a 5-min. con- 
tact time; dilution of sewage with wa- 
ter in the ratio of 1:4 decreases the 
chlorine requirement by one-half with 
a 5-min. contact time 
fourth with a 30-min. 
(73). 

Papers presented before the Univer- 
sity of Michigan School of Public 
Health reviewed important applica- 
tions of chlorine in treatment of sew- 
age and industrial waste. The first 
paper (124) discussed the chemistry 
involved in disinfection, in B.O.D. re- 
duction, and in the destruction of oxi- 
dizable chemical substances in wastes. 
The second paper (193) presented a 
series of practices which make chlori- 
nation so significant a tool in stream 
sanitation. The regulation of applica- 
tions for improving sewage effluents 
and for treating industrial wastes were 
reviewed in detail. 

Bacteriological studies made at two 
sewage treatment plants verify the 
greater efficiency (in disinfection) of 
good chlorine mixing facilities, and 
demonstrate that (with low chlorine 
residuals) contact time plays an im- 
portant role. For a 50 per cent com- 
pliance with a stipulated effluent stand- 
ard of 2.5 coliform organisms per ml., 
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an ortho-tolidine residual of 0.2 to 0.5 
p.p.m. will be adequate using a 15-min. 
contact time; for an 80 per cent com- 
pliance at the same residual, a 30-min. 
contact time is required. Ampero- 
metrie residuals required are higher 
than ortho-tolidine residuals, although 
a definite correlation is considered to 
exist (72). 

Plant operations have been investi- 
gated to determine the degree of dis- 
tribution of chlorine in contact tanks 
where various types of mixing devices 
are provided. Where no special mixing 
compartments exist, chlorine distribu- 
tion is not uniform. Vertical channels 
or relatively shallow mixing compart- 
ments (with high turbulence) ahead 
of the contact tank provide adequate 
mixing. Mechanical mixing devices, it 
is concluded, are not required where 
hydraulic mixing is satisfactory (71). 

Studies by the British Water Pol- 
lution Research Laboratory, involving 
treatment of waste waters from a pa- 
per mill, reveal that percolating filters 
can operate successfully if the applied 
waste contains up to 12 p.p.m. com- 
bined residual chlorine (8). 

Adequate treatment to meet stand- 
ards of the Interstate Sanitation Com- 
mission in reducing pollution of the 
Hudson River may be accomplished by 
modern primary treatment and chlori- 
nation. The new plant at Croton, 
N. Y., is an example of such treatment 
(26). The new Hyperion plant of Los 
Angeles, Calif., uses the activated 
sludge process, but finds pre- and post- 
chlorination desirable adjuncts (24). 
The sewage treatment plant at Wooster, 
Ohio, incorporates chemical treatment 
during periods of the year when the 
receiving stream cannot assimilate the 
effluent from treatment by plain sedi- 
mentation. For several years it has 
been found possible to maintain a dis- 
solved oxygen concentration higher 
than 5 p.p.m. by the use of chlorine 
as the first step beyond plain sedi- 
mentation ; the chlorine is applied also 
for odor control, disinfection, and 
stream stabilization (36). In the 
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Golden Gate Park at San Francisco, 
an activated sludge sewage treatment 
plant purifies sewage to provide water 
for maintaining the level of lakes in 
the park. Since 1947, the effluent has 
also been pumped to the park reservoir 
and may enter the waterworks distri- 
bution system. Chlorination is care- 
fully controlled and a residual of 2.0 
p.p.m. is maintained at the end of a 
contact tank which provides a mini- 
mum period of 20 min. for disinfection 
(115). 


Sludge Digestion 


Theory and Mechanism 


Results of a comparative study of 
types and concentrations of lower 
volatile acids produced during diges- 
tion of seeded, unseeded, and limed 
fresh solids were reported by Kap- 
lovsky (85). Only three volatile acids 
(acetic, propionic, and butyric) oe- 
curred in measurable quantities. These 
occurred in similar amounts in all 
three sludge conditions studied, but at 
different rates. Slowly digesting fresh 
solids mixtures exhibited similar accu- 
mulations of acetic and butyric acid. 
These acids increased rapidly to a maxi- 
mum concentration and remained at 
that level until more favorable condi- 
tions for digestion prevailed. In all 
three types of solids studied, propionic 
acid appeared in two separate peaks, 
with no accumulation in between. The 
first peak occurred early in digestion; 
the second, during the last stage of de- 
composition of the solids. Liming in- 
creased the rate of hydrolysis, but did 
not alter the manner of decomposition. 

Two new species of methane-pro- 
ducing bacteria were isolated and stud- 
ied by Stadtman and Barker (172). 
One, Methanobacterium  subozidans, 
converts valerie acid by means of beta 
oxidation to propionic and_ acetic 
acids. In a similar manner, butyric 
and caproie acids are oxidized quanti- 
tatively to acetate. The other organ- 
ism, Methanobacterium propionicum, 
oxidizes propionic acid in such a way 
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that the carboxyl carbon gives rise to 
earbon dioxide and the alpha and beta 
carbons yield acetate. The methane 
formed in these fermentations is de- 
rived entirely from carbon dioxide. 
The mechanism of these fermentations 
was studied by tracer experiments. 
Using tracer technique the same au- 
thors (173) showed that Methanosar- 
cina forms methane from the methyl 
group of acetate and from methy] aleo- 
hol, rather than from carbon dioxide 
in the fermentation of these substrates. 

Heukelekian and Berger (70) re- 
ported on the occurrence and detection 
of alcohols, acetone, and acetaldehyde 
in sewage undergoing anaerobic diges- 
tion. They refer to these substances 
collectively as ‘‘volatile neutrals,’’ to 
differentiate them from volatile acids. 

The nature of methane producers, 
notably Micrococci and Sarcini, was 
discussed by Schlenz (159). He 
pointed out that the rate of sludge di- 
gestion is directly related to the abund- 
ance of these forms, and that a definite 
relationship exists between bacterial 
flora and successful digester operation. 
Eckenfelder and Hood (41) showed 
that anaerobic organisms function best 
at negative oxidation-reduction poten- 
tials. Sulfate added to a digesting 
mixture depressed the reductive inten- 
sity level from a range of 0 to — 100 
millivolts E, to a range of — 125 to 
— 175 millivolts £Z,. The result was 
improved digestion, better gas produc- 
tion, and the elimination of ‘‘lay-over’’ 
sludge. Sludge with a + 200-millivolt 
O-R potential showed a low pH and 
high volatile acid content. Rapid 
anaerobic decomposition of cannery 
wastes and of a textile waste high in 
acetic acid occurred after proper treat- 
ment had changed the O-R potential 
from positive to negative, thus permit- 
ting the proper functioning of the en- 
zyme systems of the organisms. 


Operation and Efficiency 


Schaetzle (157) listed the specific 
factors in sludge digestion as: control 
of operation, digestion balance, pH 
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control, liming, volatile acids, foaming, 
scum formation, supernatant liquors, 
and use of seeding with pure cultures. 
Operational procedures in sludge load- 
ing and withdrawals were reviewed 
by Schlenz (159), along with the usu- 
ally accepted environmental conditions 
within the digester. The optimum tem- 
perature range of 90° to 95° F. was 
verified, but to be effective it was noted 
that temperature must be uniform 
through the depth of the tank. Tem- 
perature must also be controlled, as 
Micrococci are quite sensitive to rapid 
variations in temperature. 

Kirkwood (93) made recommenda- 
tions for operational procedures if cold 
digesters are to be successful and 
Thomas (181) reported failures of Im- 
hoff tanks due to insufficient heat in 
the sludge compartment, concluding 
that sufficient data are available to pre- 
dict the performance of digestion tanks 
at any reasonable temperature or load- 
ing. 

In maintaining the desired pH range 
of 6.8 to 7.2, Schlenz (159) believes 
that lime has been greatly misused and 
that the proper pH will result from 
proper operation without liming. Some 
difference of opinion among operators 
was reported (9) in this matter. In 
one special case (116), engineers rec- 
ommended the introduction of carbon 
dioxide into digesters to lower the pH 
of a mixture of industrial wastes and 
sewage. 

The importance of seeding raw sol- 
ids entering the digester was stressed 
by Scheller and Fynn (158) who found 
that introducing raw sewage at a single 
point rendered a considerable portion 
of the digestion tank more or less 
dormant. Arthur (16) described an 
expansion in plant capacity at Denver, 
Colo., in which raw sludge is inoculated 
or seeded with pre-digested sludge from 
the supernatant liquor tank. A patent 
was granted (197) for improving 
anaerobic activity in a septic tank by 
adding, twice yearly, an 18-oz. charge 
of finely powdered mixture consisting 
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of 1 part of sawdust, 5 parts of dry 
yeast, and 9 parts of wheat flour, by 
weight. 

Experiments with recirculation in a 
two-stage digestion system were re- 
ported by Murray (126). Detention 
periods of 36 to 48 days were used. 
Seeding with digested sludge gave 
slightly improved performance of di- 
gesters when detention was about 40 
days, but no effect was observed in 36 
days, and 48 days detention resulted in 
decreased efficiency. He concludes that 
detention period is important, but that 
recirculation is not comparable in effect 
to recirculation in aerobic processes. 
Digestion beyond 30 days was consid- 
ered by Schlenz (159) as not generally 
economical. He reported that sludge 
is considered sufficiently digested when 
40 to 50 per cent volatile matter re- 
mains. A curve shows the relationship 
between per cent volatile solids in raw 
sludge and per cent reduction in vola- 
tile solids when sludge is considered 
digested. Finished sludge in various 
American and British cities contains 
from 38 to 50 per cent volatile matter. 

Wirts and Ausflug (200) pointed 
out the desirability of reducing the 
volume of excess activated sludge by 
concentrating before mixing it with pri- 
mary sludge for digestion. On the other 
hand, troubles with strong sludges were 
reported by the Research Council of 
Israel (12). Analysis of crude sewage 
showed B.O.D. values several times 
greater than raw sewage in the United 
States. A report covering the first 
months of operation of an Imhoff tank 
showed no B.O.D. reduction being ac- 
complished, probably because of the si- 
multaneous oxidation of ammonia, hy- 
drogen sulfide, and organic matter. 

Improvement of the operation of a 
sludge digester by the use of Cloroben 
was reported by Holtz (77). Opera- 
tional difficulties included black super- 
natant with hydrogen sulfide odor, poor 
dewatering quality of sludge, low-grade 
gas in small quantities, corrosion prob- 
lems, and excessive liquid in traps. 
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Cloroben was added to make 100 p.p.m. 
in the digester; thereafter, 100 p.p.m. 
was added daily with the result that the 
troubles disappeared. Difficulties soon 
reoccurred when treatment was discon- 
tinued. 


Gas Production 


The economic value of sludge gas to 
the City of Johannesburg, South 
Africa, was reported (65). An agree- 
ment was drawn up whereby the city 
will furnish a manufacturer of explo- 
sives with 300,000 cu. ft. per day of 
digester gas containing 62 per cent 
methane, at a price of 25¢ per 1,000 
eu. ft. 

A relationship between gas produc- 
tion of digesting sludge and the food 
consumed by humans was reported by 
Kehr (90). As a result of the poor 
quality of food in Germany after 
World War II, it was no longer eco- 
nomical to utilize gas from digesters 
as a motor fuel in cities with fewer 
than 20,000 inhabitants. Before the 
war the economic minimum size of city 
was 10,000 population. In modernizing 
a 46-yr. old sewage works at Wup- 
pertal-Buchenhofen, a turnip-shaped 
digester 75 ft. in diameter by 78 ft. 
high was constructed (4). Gas pro- 
duced amounted to 0.53 cu. ft. per 
capita per day and had a methane con- 
tent of 65 per cent. Loesch and Rup- 
perecht (106) reported that 0.5 per 
cent garbage in sewage solids reduced 
the gas production 7.7 per cent; 90 
per cent garbage reduced gas by 89.3 
per cent. These reductions were due 
to the presence of sulfates. In concen- 
trations of 500,000 per gram of di- 
gested sludge, sulfate-reducing organ- 
isms produced 0.35 p.p.m. hydrogen 
sulfide in sewage sludge; 4.2 p.p.m. hy- 
drogen sulfide in sewage sludge plus 5 
per cent garbage; and 8.0 p.p.m. hy- 
drogen sulfide in sewage sludge plus 10 
per cent garbage. Gas production was 
reduced by 18.2 to 22.1 per cent by 
0.1 to 0.2 per cent calcium sulfate. 
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Ashes in garbage contain up to 17.3 
per cent sulfates; hence, for successful 
digestion of garbage with sludge, ashes 
must be excluded. 

A simplified method for calculating 
gas production, designed for training 
operators, was introduced by Wag- 
goner (190). Determinations of ash 
percentages of raw and digested sludge 
are made and the percentage reduction 
of volatile matter during digestion is 
read directly from a graph. Gas pro- 
duction is then calculated. 


Effect of Wastes 


The effect of garbage on sludge di- 
gestion was reviewed by Haseltine (68). 
Digestion of garbage alone produced 
acid conditions and pH too low to per- 
mit digestion. The nitrogen content of 
garbage (1.5 per cent of volatile mat- 
ter, as compared to 4 per cent in sew- 
age) was likewise too low for good di- 
gestion. Digestion with sewage sludge 
was successful in ratios of 1.5 to 3 
garbage to 1 sludge. Methods of op- 
erating digesters involving garbage 
and sewage sludge, as well as results 
obtained, were described. 

Sludge from industrial sewages con- 
taining metallic and other wastes may 
render phosphate unavailable, or may 
be harmful to digestion in big doses 
(11). Mitchell, Cassanos, and Okun 
(122) reported copper and chromium 
in sewage in sufficient quantities to be 
intolerable to sludge digestion. Con- 
sequently, a non-biotreatment was rec- 
ommended. 

A case of the upsetting of digesters 
by phenol wastes was reported by Le- 
betkin (101). Waste tars from a gas 
plant scrubber undergoing cleaning op- 
erations reached digesters at a time 
when digestive health was already poor. 
Phenolic odors developed in the di- 
gester at once and continued for about 
two weeks. Gas production began to 
drop and declined 72 per cent in 7 
days. In 4 days alkalinity and pH 
dropped, due to inactivity of ‘‘diges- 
tive agent’’ by wastes. 
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Mann (114) found anaerobie diges- 
tion of penicillin wastes possible after 
removal of interfering formaldehyde. 


Design 


For unheated digesters, Kirkwood 
(93) suggested 5 to 7 cu. ft. per capita 
as required digester capacity when 
recommended operational procedures 
were followed. Schlenz (159) presented 
a table for heated digesters showing 
good results with loadings from 2 to 
4.71 lb. volatile matter per cu. ft. of 
digester. 

New processes were described by sev- 
eral authors. Mohlman (123) reported 
development of high-rate an- 
aerobic digestion for use in treating 
organic industrial wastes. The work 
is still experimental and the process 
costly. 


some 


Sludge Disposal and Utilization 


The announcement during the past 
year of the discovery of vitamin B,, 
in sewage sludge is one of considerable 
interest and importance (78). The 
vitamin was isolated during biological 
oxidation tests ‘on dairy wastes by the 
U. S. Department of Agriculture. 
Later its presence was determined in 
activated sludge at a municipal plant. 

Application of an old principle is 
the Laboon sludge handling process 
(97), wherein pre-heated raw sludge 
is stored in tanks at 95° F. for not 
over 5 days, resulting in carbon di- 
oxide production and flotation of the 
solids. The concentrated sludge, aver- 
aging 20 per cent solids, is handled by 
a Moyno pump, a unit capable of mov- 
ing such materials as cold cream, 
plaster, or potato salad. At Pitts- 
burgh’s Allegheny County treatment 
plant, now under design, it is planned 
to burn the sludge so processed in a 
multiple-hearth incinerator using cheap 
coal for auxiliary fuel and without 
prior vacuum filtration. To remove 
settled sludge, a collecting mechanism 
is being incorporated in the sludge con- 
centration tanks. It is claimed that the 
concentrated sludge can be vacuum 
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filtered without chemicals, but such 
considerations as cloth blinding have 
probably not been fully investigated to 
date. Another possibility for the proc- 
ess is the introduction of such concen- 
trated raw sludge to methane-produc- 
ing digestion tanks with possible large 
savings in the size and number of di- 
gesters required. 

From a study of the economics of 
various methods of sludge disposal in 
primary plants, Laboon (98) concluded 
that on the basis of 1950 prices and 
Pittsburgh fuel costs, concentration of 
raw sludge by digestion for a short pe- 
riod and consequent gas flotation, fol- 
lowed by incineration, was the most eco- 
nomical method of sludge disposal in 
all but the extremely small treatment 
plants. 

Leibee and Smith (103) state that 
for small communities (less than 5,000 
population) a simple, low-cost, odor- 
less, positive form of sludge treatment 
consists of adding ferric chloride to 
the raw sludge and applying the con- 
ditional sludge to sand beds, where 
it dewaters in about 6 to 24 hr. In the 
10 plants studied (averaging more than 
2,500 p.p.m. of ferric chloride) bac- 
teria are greatly reduced by such treat- 
ment, offering protection to the public 
health ‘‘at least equal to that offered 
by the digestion method.’’ A major 
disadvantage of this method is that the 
sludge must be hauled and disposed 
of on farm land at intervals not ex- 
ceeding 10 days. 

Late in 1950, Houston, Tex., com- 
pleted a new sludge utilization plant at 
a cost of $1,367,171 designed to vacuum 
filter and flash-dry raw primary and 
raw activated sludges up to 71 dry tons 
per 24 hr. (186). Favorable year- 
around markets for the dried sludge 
are available locally from rice growers 
and truck gardeners. Peak sludge 
loads and emergency disposal can be 
handled by utilizing existing sludge 
lagoons. 

Battle Creek, Mich., reported during 
the past year on the production of a 
new product (119). From 1944 to 
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1950 the sludge at this plant was vac- 
uum filtered and heat dried, the prod- 
uct being sold under the name of 
**Battle Creek Plant Food.’’ Increased 
freight rates and labor costs near the 
end of this period resulted in a financial 
loss in its production. A private com- 
pany has taken over the sludge disposal 
facilities of the city and is producing 
about 100 tons per month of D-P-M, 
made from a grey mud-like by-product 
of penicillin manufactured near-by by 
the Upjohn Co. Disposal of this ma- 
terial was proving quite a problem be- 
fore it was shown that the dried pre- 
pared product, D-P-M, was a valuable 
antibiotic when added to animal and 
fowl feeds. Battle Creek reports more 
financial return from the sale of sludge 
gas, formerly wasted, than was realized 
before from the sale of fertilizer, and 
the company removes and stockpiles the 
plant’s sludge cake dried on sludge 
beds used before the vacuum filter and 
drier facilities were built. 

Haseltine (67) has suggested the 
terms ‘‘gross bed loading’’ and ‘‘net 
bed loading’’ as applied to sludge 
drying bed performance, and has de- 
veloped formulas for computing these 
loadings. Next to temperature, he finds 
the solids content of the sludge applied 
to the beds the most important factor 
influencing bed performance, the mois- 
ture of the sludge removed from the 
beds being next in importance. Data 
from a number of plants and detailed 
studies at Grove City and Butler, Pa., 
show that application of the formulas 
indicates optimum dosing depths as well 
as the influence of chemical coagulants 
on drying rates. 

A comparative study of vacuum filter 
cloths was made by Joseph (83). A 
number of cloths were tested with a 
filter leaf apparatus. Results indicated 
that with the cost of the cloth con- 
sidered, a cotton cloth with nap rated 
best, plain wool second, and cotton twill 
third. Cloth durability is also an im- 
portant consideration which can only 
be determined under extended use. 
Joseph does not state either the kind 


CRITICAL REVIEW OF LITERATURE OF 1951 


567 


or quality of the sludge tested, which 
together with other variables encoun- 
tered in actual practice have a con- 
siderable bearing on filter cloth per- 
formance. 

In South Africa, Keller (91) reports 
that helminth ova are not killed by 
ordinary digestion and drying of 
sludge. Thermophilic digestion de- 
stroys them or raw, digested, and 
dried sludge exposed to 55° C. for 2 hr. 
will inactivate them. Possible para- 
sitic ova problems in the United States 
seem limited to the warmer regions so 
far as is now known. 

A report by the British Ministry of 
Agriculture and Fisheries (11) on the 
agricultural use of sewage sludge, pub- 
lished in 1948, concludes that the crop- 
producing power of sludge taken from 
drying beds is less than that of an 
equal weight of farmyard manure. It 
is claimed that the lack of coarse fibrous 
ingredients in sludge cake produces 
less pronounced physical effects on the 
soil. Digestion and shredding or me- 
chanical drying was found, however, 
to improve the physical condition of 
sludge and the availability of its ni- 
trogen. The composting of straw with 
sludge was found to produce a product 
having better physical effects on the 
land. Other conclusions from the re- 
port confirm findings already reported 
in the United States. 

Knight (95) suggests 114 parts of 
sludge (dry basis) to 1 part of straw 
for composting, with occasional land 
tiles under the heaps to allow aeration. 
Straw and sludge are alternated in 
layers and soaked with water until a 
height of 6 ft. is reached. 

The physical condition and the mois- 
ture content of sewage sludge and the 
high carbon-nitrogen ratio of domestic 
refuse militate against the use of these 
waste materials separately for agri- 
cultural purposes. When these two 
substances are mixed to form a com- 
post a valuable manure is produced ac- 
cording to Wylie (201). When tem- 
peratures of over 140° F. are obtained 
in the compost pile, humus is formed 
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with less loss of organic matter and 
with higher nitrogen content than when 
lower temperatures prevail. Highest 
temperatures are reached when the 
wastes contain a high proportion of 
carbonaceous matter and the moisture 
and the aeration within the compost 
are proper. Alternate layers of car- 
bonaceous wastes with fine dust, wet 
sewage sludge, and ground limestone 
are used to a total depth of 3.5 ft. 


Mechanical Equipment 


According to data from a survey 
conducted jointly by the U. S. Labor 
Department’s Bureau of Labor Sta- 
tistics and the Public Health Service 
(5), material costs represent approxi- 
mately 40 per cent and labor a little 
over 30 per cent of the cost of building 
new sewage collection and treatment 
works. The balance is for overhead, 
profit, and charges for the use of con- 
struction machinery. Approximately 


$160,000 per $1,000,000 of expenditures 
for sewage treatment plant construc- 


tion was for machinery and equipment 
to operate the works, whereas for sew- 
age collection lines the expenditures 
for this item were only $42,000 per 
$1,000,000. The data were obtained 
from engineers’ reports on a sample of 
200 projects built in 1948, 1949, and 
1950. 

Continuing the series of articles, be- 
gun in 1950, on the application and 
operation of mechanical equipment in 
sewage treatment processes, Flood (48) 
discusses vacuum filtration of sludge, 
multiple hearth furnaces, and flash 
drying and incineration. Carter and 
Karassik (30) present a comprehensive 
review of the basic factors to be con- 
sidered in the selection and application 
of centrifugal pumps. The problems 
involved in the rational design of sew- 
age pumping stations are discussed by 
Hands (66) and Kennedy (92). 
Oesterle (128) found the use of ‘‘Hy- 
droseal’’ rubber-lined pumps to be 
more advantageous than metal pumps 
in the pumping of a highly abrasive 
waste sludge resulting from the grind- 
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ing and polishing of plate glass. The 
design features, pumping schedules, 
and station layout for the city-county 
sewerage project planned for Wilming- 
ton, Del., are discussed by Vollmer 
(188). To provide for a range in 
flow of from 25 to 165 m.g.d., the op- 
timum combination proved to be five 
identical pumps each connected to two- 
speed motors. Each two-speed unit 
will handle 25 m.g.d. at low speed and 
nearly 50 m.g.d. at high speed. Pumps 
will be protected by mechanically 
cleaned trash racks with 4-in. openings. 
Immediately following the trash racks, 
mechanically cleaned screens with 1- 
in. openings will be installed. Sereen- 
ings will be comminuted and returned 
to the wet well. Studies showed that if 
comminutors were used directly in the 
sewage stream instead of screens, more 
units and greater cost would have re- 
sulted. Electrical power for the pump- 
ing station will be furnished from 
the sewage treatment plant with two 
dual-fuel engine generators. Opera- 
tion of the pumping equipment will be 
by remote control from the sewage 
treatment plant. 

.The electrical equipment installed at 
the new 26th Ward sewage treatment 
works at New York City is discussed 
by Barbi (19). The principal power 
supply is obtained from three 1,125- 
kv.-a., 4,160-v., 300-r.p.m. generators 
driven by dual-fuel engines. These will 
normally operate on sewage gas, with 
fuel oil for ignition and supplementary 
energy when required. Kass et al. (87) 
present cost data on operation and 
maintenance at New York City’s sew- 
age treatment plants. The repair and 
maintenance of mechanical and elec- 
trical equipment at these plants are also 
discussed. The cost of operation and 
maintenance per m.g. treated rose in 
1950, and is attributed to the general 
rise in labor and material costs, coupled 
with the fact that there was a decrease 
in sewage flow because of water conser- 
vation. 

General information on the opera- 
tion and maintenance of electrical 
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equipment in waste treatment plants is 
discussed by Walker (191) and Kuhl 
(96). Sandel (156) reviews the prob- 
lems involved in providing protective 
coatings, against corrosion, to materials 
of construction and equipment in waste 
disposal plants. 

The regulatory equipment system to 
protect four blowers, with a total ca- 
pacity of 49,000 ¢.f.m. at Philadel- 
phia’s new Northeast sewage works, 
together with the design and operation 
of valves and meters on the blower in- 
take and filter system, and the air con- 
ditioning equipment for the blower and 
motor room, are discussed by Grandin- 
etti (57). 

Evaporation equipment in use at the 
Oak Ridge National Laboratory and 
the Knolls Atomic Power Laboratory 
are discussed by Browder (27) and Mc- 
Cullough (117). At the Knolls Labor- 


atory a forced circulation type of 
evaporator system having a capacity of 
500 g.p.h. has produced decontamina- 
tion factors of 10° from evaporator 


heel to condensate. The miscellaneous 
dilute radioactive units were highly 
concentrated in a safe and effective 
manner at a direct cost of approxi- 
mately 3¢ per gallon. Indirect and 
amortization costs are about 8¢ per 
gallon additional. Volume reduction 
of about 60 to 1 is accomplished in 
the evaporator, constructed with used 
equipment, at the Oak Ridge plant. 
Evaporator foaming has produced an 
operating problem at this plant. 

Bass and Evans (21) review some 
applications and present operation re- 
sults of flocculation and sedimentation 
equipment in the treatment of various 
industrial wastes. Guillot (62) dis- 
cusses the vacuum filter and its ap- 
plication in pickle liquor disposal. 
Among the articles which describe 
equipment for pre-aeration, aerated 
grit chambers, aeration, and air floc- 
culation are those by Roe (147), Kappe 
and Neighbor (86), Sperry and Walker 
(169), and Eidsness (43). The in- 
strumentation and equipment for an 
automatically operated demulsifying, 
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decanting, and filtering plant to treat 
oil-polluted waters is described by 
Oesterling (129). 

Stone and Teeple (175) present de- 
tailed design drawings of apparatus 
with provisions for simultaneously ob- 
taining a bacteriological sample, B.O.D. 
sample, D.O. sample, and extra fluid 
for a 1-gal. chemical analysis sample. 
How to make an emergency stream 
sampler using Mason jars is described 
by Fuess (50). Gerard (51) describes 
a simple weir cleaner consisting of a 
coil chain riding on the top of the weir 
of a circular tank. Olson et al. (130) 
have designed and constructed a unit 
for drying water suspensions of algae. 
Thomas et al. (182) describe an inte- 
grating water sampler consisting of a 
vacuum can with a specially designed 
needle valve inlet to a sample collection 
bottle. The suction, created by evacu- 
ating the can, is relieved by a slow air 
leak, through the needle valve, which 
causes water to be drawn through an 
inlet tube into the bottle. The rate of 
intake can be adjusted so as to give 
collection times ranging from a few 
minutes to 36 hr. The sampler should 
prove of value in stream survey and 
lake pollution investigations, and in 
other studies where composite samples 
are needed ‘to give a more accurate pic- 
ture of conditions than are obtainable 
with grab samples. 


Dual Disposal 


Cohn (32) discusses the history, the 
early objections to, and the present 
status of dual disposal. Studies in 
Detroit (131) on the effect of intro- 
ducing ground garbage into sewer sys- 
tems showed that about 25 per cent of 
the dry solids of garbage goes into 
solution or nonsettleable suspension. 
If 100 per cent of a community’s gar- 
bage is ground and introduced into the 
sewer system, the chlorine demand of 
the effluent of the primary sedimenta- 
tion process may be increased 0.12 
p.p.m. (about 4 per cent) as a maxi- 
mum, the B.O.D. will be increased by 
20 to 25 per cent, and the solids by 
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about 50 per cent. In studying the 
effect of ground garbage in the Sani- 
tation Districts of Los Angeles County, 
Rawn (145) selected a new housing 
project with 4,000 population furnished 
with individual garbage grinders. By 
comparing the per capita contribution 
from this area with a strictly residen- 
tial sewage from a neighboring city 
without garbage grinders, an estimate 
of the increase in loading due to ground 
evarbage was obtained. This amounted 
to a per capita increase of 0.047 Ib. (44 
per cent) of suspended solids, 0.054 Ib. 
(52 per cent) of B.O.D., and 0.028 Ib. 
(147 per cent) of grease. Sewer in- 
spection showed a number of obstruc- 
tions due to faulty construction and 
low velocities. The deposits showed 
evidence of septicity, but were washed 
out at higher flows. Simpson (165) 
estimated that the dry solids loading 
from home garbage grinders is about 
0.5 lb. per capita per day and the 
volume is increased by about 3 g.p.e.d. 
Trouble may be expected in flat grade 
sewers, combined sewers, pump wells, 
and syphons. Additional grit is ob- 
tained, requiring better washing. Raw 
sludge will increase by about 50 per 
cent, resulting in added loads on di- 
gestion and secondary treatment de- 
vices. Poole and Erganian (141) re- 
viewed the garbage grinding project at 
Jasper, Ind. The transformation from 
garbage cans to garbage grinders in 
this community has created some sani- 
tary problems, but has had no adverse 
effect on the sewer system and the sew- 
age plant, which was designed to handle 
ground garbage as well as sewage. 


Detergents 

In a review of the literature on de- 
tergents in sewage, Simpson (166) in- 
cluded reports on various operational 
problems in water and sewage treat- 
ment caused by detergents. The in- 
creasing usage of detergents suggests 
the necessity for more research work 
in this field. 

A series of laboratory experiments 
was conducted by Simpson (167) to 
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show the possible effects of detergents 
on sewage treatment processes. He 
found that sedimentation of a clay sus- 
pension was greater with the addition 
of a soap than with equal quantities 
of detergents. When equivalent suds- 
ing concentrations were employed, the 
sedimentation efficiency was improved 
by the detergents exceeding that pro- 
duced by the soap addition. Greater 
emulsification of a cooking grease by 
a nonionie detergent than by soap indi- 
cates a lower grease removal in primary 
treatment and a higher loading in 
secondary units when such agents are 
present. The laboratory results also 
showed that foam production in a fresh 
domestic sewage is dependent upon the 
length of aeration and the detergent 
concentration. The presence of sus- 
pended solids reduced foam formation 
whereas the addition of effluent from 
an aeration tank seemed to increase the 
tendency to foam. Simpson observed 
that Dow-Corning Antifoam A was 
the most effective defoamer of the sam- 
ples tried. He believes, however, that 
the use of such water-insoluble de- 
foamers on a plant scale might not be 
sound. 

Taylor, Bacon, and Suter (176) de- 
scribed several types of surface-active 
agents with regard to the properties 
which govern their application as do- 
mestic and industrial detergents and 
the probability and extent of oecur- 
rence in sewage and wastes. Informa- 
tion concerning detergent builders and 
other supporting agents was also pre- 
sented. 

Stericker and Middleton (174) ex- 
plained various properties of deter- 
gents, including wetting, emulsification, 
defloceulation, and sudsing. These 
workers concluded, on the basis of a 
survey of available publications, that 
considerable disagreement exists as to 
the effects of small quantities of deter- 
gents on water and sewage treatment. 
Opinion is about equally divided as to 
whether or not any harmful effect re- 
sults. 

Elton, 


Hurley, and Waddams (44) 
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outlined the experience and _ investi- 
gations relating to the influence of 
synthetic detergents on sewage treat- 
ment in the United Kingdom. The 
reference papers have been reviewed 
in Tuts JourNAL. The improved pro- 
cedures for the methylene blue method 
for detection of sulfated and sulfonated 
anionie agents in sewage and effluents 
were also presented. 

Sperry (170) has employed a new 
approach in stuglying the effect of de- 
tergents on sewage treatment by ex- 
amining the records of the Aurora, 
Rockford, and Elgin, Ill., plants. A 
reduction in suspended solids and 
B.O.D. removals in the primary tank 
and a decrease in gas production with 
normal digester operation could be cor- 
related with an increase in detergent 
usage at Aurora. Data from the Rock- 
ford plant exhibited the same general 
trends. However, the Elgin data were 
more contradictory and failed to show 
less gas production. Sperry believes 
this was due to the lesser use of de- 
tergents because of a softened water 
supply. 


Design and Construction of Plants 


Babcock (17) questions certain Brit- 
ish practices in sewage works design. 
which the author feels are dictated 
more by tradition than practical con- 
siderations. Brown (28) sees the fu- 
ture developments in sewerage and 
sewage treatment in the direction of in- 
creased efficiency of existing processes 
and greater emphasis on utilization 
rather than mere disposal. Hurley 
(81) points out certain considerations 
which normally receive insufficient at- 
tention in the design of sewage works. 
These are: effluent quality required, 
local conditions, legislation, the site, 
area and levels for the proposed plant, 
consistency of the effluent quality, ease 
of operation, maintenance and super- 
vision, the effect of industrial waste, 
and their pretreatment at the source. 
A review (7) of the general condition 
of sewerage and sewage disposal in 
England showed little or no improve- 
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ment in 1950, because of shortages of 
labor, materials, and funds. The status 
of sewerage and sewage disposal in 
Sydney, Melbourne, and Adelaide, 
Australia, is discussed by Barraclough 
(20). The future of sewage disposal in 
South Africa is discussed by Hamlin 
and Wilson (64). Due to shortage of 
water, effluent filtration to obtain a 
higher quality of effluent before dis- 
charge into watercourses and a greater 
utilization of effluents is in prospect. A 
greater use of sludge gas for the manu- 
facture of cyanides, for chemical syn- 
thesis, and for carbon dioxide for dry 
ice is indicated. 

Tentative standards for the design 
of sewer systems and sewage treat- 
ment plants were adopted by the Upper 
Mississippi River and Great Lakes 
Boards of Public Health Engineers 
(10). 

The basis of design of intercepting 
sewers and sewage treatment plants of 
Camden, N. J., was presented by Emer- 
son (45), and for Tampa, Fla., by 
Langdon (100). The sewage and waste 
treatment problems in Alaska were dis- 
cussed by Day (38). 


Hydraulics and Sewage Flow Control 


A model study of the hydraulie be- 
havior of storm-water inlets is de- 
scribed by Wen, Geyer, and Benton 
(196). The theory of this complex 
flow is discussed and curves are pre- 
sented to simplify design calculations. 
Akerlindh (2) presents a method of 
calculating the amount of storm water 
that can safely be diverted from com- 
bined sewers. Distribution and proba- 
bility curves and equations are pre- 
sented which take into account the 
quantities of sewage, rain water, and 
stream runoff, as well as stream self- 
purification capacities. 

The British Water Pollution Re- 
search Laboratory (195) gives several 
excellent ingenious methods of con- 
trolling water and sewage flow for 
laboratory and pilot plant experimental 
work. The equipment described varies 
from simple vacuum-controlled con- 
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stant-flow devices to rather complicated 
intermittent pumps. 


Odors and Sewer Corrosion 


A review and assessment of the pres- 
ent knowledge of the mechanics of cor- 
rosion of concrete sewers by hydrogen 
sulfide are given by Parker (132). 
Pomeroy (140) assembled information 
regarding experiences with upsewer 
Cloroben treatment in Southern Cali- 
fornia. A summary of the observa- 
tions at eight different locations indi- 
cated that Cloroben had no apparent 
effect and did not eliminate the sulfides. 
Ludwig and Ludwig (109) studied 
experimentally the corrosion of cement- 
bonded concrete sewer pipes by dilute 
(10 to 20 p.p.m.) and strong (25,000 
p.p.m.) sulfuric acid, and a solution of 
sodium sulfate. In all cases the cement 
bond of both concrete and cement- 
asbestos pipe was attacked and de- 
teriorated, which increased with time 
of exposure but at a decreasing rate. 
Determination of the amount of chlo- 
rine necessary to prevent odors by 
McLean and Petursson (121) showed 
that the main sources of odor were the 
pumping stations receiving wastes from 
packing plants. It was impossible to 
obtain consistent values by the ortho- 
tolidine method and the amperometric- 
titration method was substituted. On 
the basis of these determinations the 
cost of chlorination to eliminate odors 
was arrived at. 


Hazards 


A serious manhole accident is re- 
ported by Raschka and Uber (144). 
Two men were killed because they en- 
tered a manhole deficient in oxygen 
without proper prior ventilation. The 
significant point of this disaster is that 
the sewer had not been put into service 
and no organic material was present in 
the sewer. As usual, the first man 
descended without a safety belt and the 
second man died trying to save the 
first. Four others lost their heads and 
entered the manhole without proper 
precautions; one a fireman wearing a 
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useless gas mask. Fortunately, suf- 
ficient air had entered the manhole so 
that these men were just able to drag 
themselves out. 

Robinson (146) discusses ventila- 
tion of sewage plants and sewer struc- 
tures. Observations from a hazards 
survey of some Michigan sewage treat- 
ment plants are given and inadequate 
ventilation designs are shown. 


Rural Sewage Disposal 


Studies continue to be made to de- 
termine the effect of garbage grinders 
on septic tanks. MeGhan (118) re- 
ports that the settling rate of a mix- 
ture of garbage and sewage solids will 
be at least equivalent to and possibly 
greater than that achieved with sewage 
solids only. A mixture of garbage and 
sewage solids, within the ratios an- 
ticipated in septic tank influents, will 
attain about the same rate of digestion 
as sewage solids only. Adequate in- 
itial seeding is important. Preliminary 
tests on limited soil types indicate that 
the effluent from a septic tank receiving 
garbage and sewage may tend to clog 
absorption fields more rapidly than 
effluent from sewage alone. When a 
food waste disposer is used, the septic 
tank should be increased 50 per cent 
of the tank capacity (6). A food waste 
disposer does not add appreciably to 
the amount of liquid flowing into a 
septic tank, hence no larger drainage 
field is required. 

Septic tanks having two compart- 
ments show slightly better performance 
in solids retention efficiency than 
single-compartment tanks of equal liq- 
uid capacity (14). A more accurate 
method of making percolation tests is 
to use a 4-in. auger hole instead of the 
12-in. square dug hole. A bulletin (13) 
describes planning considerations; 
house sewer functions; construction, 
materials, and location of septic tank; 
absorption fields; and the operation 
and care of the system. In France it 
is recommended (1) that rain water 
should be recovered. Human excreta 
should be discharged in slit trenches 


: 

{ : 

5 

Z 

| 


Vol. 24, No. 5 


and kitchen waters stored in a small 
tank after preliminary filtration. 
Faulkner (46) reports that for treat- 
ment of less than 10,000 g.p.d. a septic 
tank having a detention time of 24 hr., 
followed by a filter 6 ft. deep, is gen- 
erally a suitable scheme for sewage 
from small rural communities and 
housing developments. The design ca- 
pacity of the filter should be about 35 
g.p.d. per cu. yd. and, whenever con- 
ditions permit, the filter effluent should 
be discharged over land prior to final 
discharge. A septic tank (used with 
a trickling filter) should be designed on 
the basis of sludge storage and ac- 
commodate twice the volume of sludge 
expected to accumulate between times 
of desludging. It is preferable to 
pump tank effluent rather than raw 
sewage, because smaller, less expensive 
pumps can be used. 

Federick (47) gives a method for 
estimating the sewage flow from park- 
way service stations. The rate of sew- 
age flow will equal the rate of flow per 
fixture and a number of fixtures used 
simultaneously. Some parts of the dis- 
posal system are designed on the quan- 
tity of water discharged by each fixture 
each time it is used, the frequency of 
use, and the total number of times used 
a day or during the period of avail- 
ability. 
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INDUSTRIAL WASTES 


General 


Procedures for sampling industrial 
wastes are described in detail by Black 
(24). Topics covered ineluded sam- 
pling programs, methods of sampling, 
sampling equipment, flow measuring 
equipment and procedures, and use of 
radioactive tracers. Milligan (99) dis- 
cusses standards for treated industrial 
wastes, giving reasons for effluent 
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standards, the relationship of effluent 
and stream standards, effluent stand- 
ards adopted by regulatory agencies, 
and methods of establishing stream 
standards used by the Pennsylvania 
State Department of Health. The prob- 
lems involved in ‘‘breaking in’’ an in- 
dustrial waste treatment plant are dis- 
cussed by Orford (116), ineluding 
treatment plant personnel, waste analy- 
ses, operating records, operating pro- 
cedures, time requirements, and man- 
agement cooperation. Illustrations of 
the problems are taken from the first 
12 months’ operation of a biological 
treatment plant for gum washing 
wastes. 

Sewage charges have been studied 
by a joint committee for more than 
three years (76). The portion of the 
committee report on industrial waste 
charges is reported by Schroepfer 
(132). Topics covered include accepta- 
bility of wastes into sewers, present 
methods of charging, suggested meth- 
ods for charging. and fair distribution 
of charges. 

Industrial waste control from the 
viewpoint of the chemical engineer is 
outlined by Gurnham (64), who dis- 
cusses waste control from the unit proc- 
ess concept, including oxidation, redue- 
tion, neutralization, electrolysis, halo- 
genation, and ion exchange. Miller 
(98) outlines industrial waste dis- 
posal problems in Indiana, where 
240 industrial enterprises treat their 
waste to some degree. Of 163 canner- 
ies, 99 have adequate and 30 have in- 
adequate treatment. Accidental spills 
of toxie solutions are one of the major 
problems. 


Packinghouse Wastes 


Anaerobic digestion of packinghouse 
wastes on a pilot plant scale (16) has 
indicated that 24-hr. digestion at 90° 
F., with contents constantly stirred, re- 
sulted in production of 9 to 10 eu. ft. 
of gas per pound of volatile matter 
added, reduction of B.O.D. of about 90 
per cent, and production of a compara- 
tively odorless sludge. The settling 
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tank discharged suspended solids, un- 
less stirred to cause the solids to sink. 
Some work remains to perfect the final 
settling, and costs must be evaluated; 
but the process appears to be less ex- 
pensive than aerobic biological proc- 
esses and an advance in methods of 
disposing of packinghouse wastes. This 
work, and many other packinghouse 
waste treatment plants in the U. S., 
were visited by Rowntree (127), who 
reported the anaerobic process to be 
the most promising treatment process. 
He initiated pilot plant tests on his re- 
turn and concludes that high-rate bio- 
logical filtration would be the preferred 
type of treatment for New Zealand. 

Laboratory tests reported by Fullen 
(51) show that wastes with a B.O.D. 
of 1,200 to 2,000 p.p.m. and a pH of 
6.6 to 7.2 digest in either the meso- 
philic or thermophilic range, but con- 
trol of thermophilie digestion is diffi- 
cult. With digester liquor as seed, 95 
per cent B.O.D. reduction is obtained 
in 1 to 2 days. 

Construction and operation of a 
small treatment plant for packinghouse 
wastes was described by Wymore 
(164). This plant includes primary 
settling, a low-rate filter operating at a 
rate of about 2.0 lb. B.O.D. per cu. yd. 
per day, producing 82 per cent reduc- 
tion of B.O.D., from 744 to 132 p.p.m. 
The filter has ponded badly, probably 
due to overloading or incomplete re- 
moval of grease. The plant is quite 
small, with a flow of about 30 g.p.m. 

Composting of paunch manure is de- 
scribed by Rupp (129). The waste is 
mixed with manure and _ limestone, 
piled in heaps and moistened, covered 
with a 2-in. layer of loam, and stored 
for three weeks. The temperature 
reaches 150° F., but drops again after 
about eight weeks to 100° F. The re- 
sulting product is friable, black in 
eolor, and has a faint earthy odor. 
Weed seeds are destroyed and the fin- 
ished material is used on lawns or 
gardens. Winter operation was not too 
successful, but could be practiced in- 
side heated buildings. This procedure 
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offers a successful way to dispose of 
manure and paunch manure. 

Chlorine and alum are used to treat 
rendering plant wastes as described by 
Granstrom (60). Between 120 and 
700 p.p.m. of alum and 120 to 240 
p.p.m. of chlorine were used. Up to 76 
per cent reduction of B.O.D. was ac- 
complished. 

Poultry dressing wastes are similar 
to packinghouse wastes, except for dis- 
posal of the feathers. Miller (97) de- 
scribes a plant handling about 20,000 
lb. per day live weight. The wastes are 
screened through a '%-in. mesh, held 
in a septic tank, and then lagooned, 
with addition of ammonium nitrate. 
The over-all removal of B.O.D. is 93 
per cent, from 385 to 27 p.p.m., al- 
though not accomplished in an entirely 
odorless procedure. 


Fermentation Industries 


The treatment of penicillin wastes 
has been discussed by Muss (108) giv- 
ing operating results of a pilot plant 
designed for a flow of 2 g.p.m. and 
wastes averaging 4,000 p.p.m. B.O.D. 
High-rate and low-rate filters were 
operated, the former at 4,800 Ib. 
B.O.D. per acre-ft., followed by the 
low-rate at 322 lb. per acre-ft., giving 
over-all reductions from 97 per cent in 
summer to 80 per cent in winter. Re- 
circulation was 15 to 1. This was con- 
sidered the best method of treatment. 

A full-scale plant for treatment of 
antibiotics wastes has been described 
by Brown (28). This plant included 
aeration for 4.5 hr., to remove solvents, 
then application to high-rate filters at 
5,000 to 7,000 lb. per acre-ft. per day. 
Recirculation was at about 4 to 1 and 
B.O.D. reduction fell off from 80 per 
cent reduction in summer to 50 per 
cent in winter. Filters have been dup- 
licated as production and flows of 
wastes increased. The importance of 
pre-aeration before high-rate filtration 
was demonstrated. 

Penicillin wastes interfered with op- 
eration and pre-treatment was neces- 
sary, according to Mann (89). Sol- 
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vents such as formaldehyde and amy] 
acetate were removed, the latter by 
aeration. Then the activated sludge 
plant was able to handle the wastes and 
produce an acceptable effluent. 

The waste penicillin mold has been 
dried, according to McIntosh (95), and 
sold at a substantial profit. The dried 
material is produced at the rate of 100 
tons per month. 

A high-rate filter operated on a pilot 
plant scale on distillery wastes is de- 
scribed by Roberts and Hardwick 
(126). The still residue was evapo- 
rated, but about 5 per cent remained to 
be treated by the biological plant. The 
high-rate filter handled the wastes at 
about 2 lb. B.O.D. per cu. yd. (3,200 
lb. per acre-ft.), producing about 50 to 
70 per cent reduction. Presence of eop- 
per was considered undesirable. 

Recovery of distillery wastes by 
evaporation was described by Carson 
(31). The process recovers 50 tons per 
day, from a distillery mashing 5,000 
bu. of grain. 


Corn and Sugar Processing Wastes 


A detailed account of a waste redue- 
tion program at a corn products plant 
is reported by Van Patten and Me- 
Intosh (152). A study of each manu- 
facturing process showed that re-use of 
water and equipment improvement 
could reduce wastes appreciably. The 
actual B.O.D. reduction was 92 per 
cent ; product yield was increased 1 per 
cent without affecting product quality. 

Sugar cane processing and sugar re- 
fining wastes in Colombia, South 
America, are described by Stone (140). 
Efficient sugar plants use less water 
and lose up to 4 tons less sugar per 
100 tons of cane than inefficient mills. 
Because only 12 tons of sugar can be 
extracted from 100 tons of cane, great 
possibilities exist for waste elimination 
and profit increase by careful process 
control. 


Chemical and Pharmaceutical Wastes 


Wastes from a nylon intermediate 
plant were disposed of by a variety of 
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processes, including lagooning, vapori- 
zation, pumping down subsurface 
wells, and sanitary treatment, as de- 
scribed by de Ropp (42). The invest- 
ment totalled $1,600,000. 

Powder plant wastes were treated by 
Dickerson (43) in a pilot plant inelud- 
ing filters, aeration, and final settling 
tanks. The organic matter, consisting 
of alcohol, acetone, ether, nitrogen 
residues, and acids, was oxidized on 
high-rate filters. Aeration was consid- 
ered desirable, because of the soluble 
character of the wastes. 

A synthetic rubber plant was de- 
scribed by Dougan and Bell (45). 
Floating oil was removed by an A.P.I. 
separator, but there is no further treat- 
ment of organic wastes. The large 
volumes of cooling water reduce the 
concentration of plant wastes and flow 
in the St. Clair River disposes of the 
organic matter by dilution. 

Phenol-bearing rubber wastes are 
treated by coagulation and chlorina- 
tion, according to Sechrist and Cham- 
berlin (134). Application of chlorine 
resulted in considerable reduction of 
color. 

Wastes of the Gen. Electrie Co. have 
been surveyed by Watson (156). Cya- 
nides, acids, and metallic wastes are 
most important, and methods of recov- 
ery or destruction are detailed. Jacobs 
(75) neutralization of acid 
Kratz (84) describes experi- 
ences with acid waste neutralization in 
Germany. 

The influence of chemical wastes at 
Niagara Falls, N. Y., on operation of 
the sewage treatment plant is discussed 
by Smith (138 In 1950, approxi- 
mately 85 per cent of the flow to the 
plant was of industrial origin, inelud- 
ing chlorine residues, organic chemi- 
cals, solvents, and residues from ecar- 
bide and ferro-alloy manufacture. 
Salvage operations at various plants 
are described. 


discusses 


wastes. 


Pulp and Paper Wastes 


Several aspects of kraft mill effluent 
improvement were reported in 1951. 
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Allen (2) and Hisey (70) dealt with 
the removal of sulfides and mereaptans 
from pulp mill condensates by means 
of equipment integral to the process. 
The Bergstrom tower, discussed by the 
former, is a scrubbing unit in which 
volatile sulfur compounds are removed 
from the condensates by stack gas. 
The latter describes a catalytic process 
in which the digester and evaporator 
gases are stripped of sulfur compounds 
and the sulfur is recovered. Both proce- 
esses appear capable of reducing po- 
tentially toxie sulfur compounds pres- 
ent in kraft mill effluents to an ex- 
tremely low concentration. <A corre- 
lation between the 5-day B.O.D. value 
and the oxygen consumed value of the 
combined waste water from a kraft mill 
and a hardwood distillation plant was 
found by Chesley, White, and Hogg 
(33). They coneluded that the B.O.D. 
could be calculated from oxygen con- 
sumed test results within 80 p.p.m. 
95 per cent of the time. The incorpo- 
ration in original plants of features fa- 
cilitating effluent control and handling 
of kraft mill wastes was discussed by 
Gehm (53). Particular attention is 
given to segregation of sewers from unit 
operations so that losses can be readily 
traced and control measures applied 
where they will produce the most im- 
provement at the lowest cost. Moggio 
(104) reported on continuing studies 
on the biological oxidation and chemi- 
cal coagulation of kraft mill wastes. 
Laboratory tests proved that effluents 
of low strength could be oxidized to a 
high degree by aeration in the presence 
of acclimated seed and nutrient salts. 
Preliminary pilot plant tests of this 
treatment (111) validated these find- 
ings. Lime recarbonation treatment of 
both combined kraft mill wastes and 
bleachery wastes was found to be 
highly effective in removing color and 
a portion of the B.O.D. 
to large chemical 


However, due 
requirements and 


sludge characteristics this process must 
be integrated with the mill recovery 


system. Results of experiments to this 
end were also reported. 
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Summaries and evaluations of pro- 
posed methods for handling the sulfite 
waste liquor problem were published 
by Gleeson (58) and Barber (19). The 
former concluded that there will be no 
single universally applicable solution, 
because mill size, age, location, and 
nature of receiving waters vary so 
widely. The latter suggests shifting to 
alkaline pulping, for which adequate 
recovery processes are available and 
which in most cases would eliminate 
the pollution problem. Ever-inereasing 
interest in recovery of sulfite waste 
liquor is evidenced by five papers; 
Wileoxson (158) covered magnesium- 
base recovery, Brunes (29) covered de- 
velopments in Sweden, La Fond and 
Holger (85) covered ammonia base, 
and a plan is described (13) for the 
evaporation of calcium-base liquor. It 
appears that many of the difficulties ex- 
perienced on the first large-scale appli- 
cation of magnesium-base pulping and 
recovery are being solved. Swedish 
interest continues in calcium-base re- 
covery because of the fuel problem in 
that country. Ammonia-base liquor, 
which lends itself better to evaporation 
and burning than calcium base, can be 
substituted for the latter in the pulping 
process, but the relatively high cost of 
ammonia and the fact that it is not re- 
coverable are limitations of the process. 
A unique method employing base ex- 
change for recovering chemicals from 
sodium-base sulfite waste liquor is de- 
scribed by Bickell and Trethewey (23). 

Wiley outlined the research ap- 
proaches taken to the sulfite problem 
by Wisconsin mills (159) and with as- 
sociates (160) also reported on the use 
of spent sulfite liquor-asphalt emul- 

sions for briquetting coal. Satisfactory 
“evidence was found that good quality 
coal briquettes can be made with sul- 
fite liquor as the principal binder. On 
the basis of additional road binder in- 
vestigations, Sherman (1385) predicts 
a bright outlook for sulfite waste liquor 
use for this purpose. Field observa- 
tions reveal that improved methods 
of application are responsible for the 
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present increased interest in this use. 
Fermentation research involving sul- 
fite liquor covered ethanol and fodder 
yeast. Agar and McCarthy (1), com- 
paring ethanol fermentation rates of 
concentrated liquors, found that ealeci- 
um- and magnesium-base liquors fer- 
mented at about the same rate, whereas 
ealeium dissolving pulp and ammonia- 
base liquors exhibited a slower rate. 
Markham et al. (90) produced fod- 
der yeast from west coast sulfite liquor 
which was similar in all characteristics 
to that produced in Wisconsin and in 
Europe. Operation of the one large- 
scale fodder yeast plant operating in 
this country was described by MeGinn 
(94). 

Progress in semi-chemical pulping 
waste treatment and its treatment in 
combination with sanitary sewage were 
discussed by Opferkuch (117) (118) 
(110). Anaerobic digestion at loadings 
as high as 0.1 lb. per eubie foot of 
digester capacity were obtained on nu- 
trient salt supplemented waste at 
B.0.D. reductions of between 50 and 
75 per cent. Neutral sulfite can be 
treated in conjunction with sanitary 
sewage if adequate capacity is pro- 
vided. In the case of primary treat- 
ment, the dissolved B.O0.D. contributed 
by the waste has an additive effect on 
the effluent in proportion to the per- 
centage present in the sewage. Of in- 
terest from the standpoint of subse- 
quent control, treatment, or recovery 
of semi-chemical wastes, is the work of 
Keller and McGovern (79), in which 
spent cooking liquor was recycled in 
the pulping process, yielding higher 
solids concentration prior to rejection. 

In outlining the status of straw- 
board waste handling, Bloodgood (26) 
traced the raw material losses through 
the process and cataloged the signifi- 
cance of each from the solids and oxy- 
gen demand standpoint. Progress in 
the attempt to apply anaerobic diges- 
tion to treatment of the waste was 
traced and future research suggested. 
Jung (78) reported similar anaerobic 
digestion studies. Controlled lagooning 
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at a strawboard mill at Noblesville, 
Ind., was described by Krancher (83). 
Solids removal, oxidation, and metered 
discharge are all accomplished by the 
system described. 

The limited literature on the nature 
and volume of wastes produced from 
pulping rags, rope, and jute was sub- 
stantially supplemented (109). Flows, 
solids, oxygen demand, alkalinity, and 
other characteristics of the wastes pro- 
duced by each stage in the pulping 
of these materials were presented, to- 
gether with some analyses of the or- 
ganic constituents. 

Methods for treating de-inking mill 
waste by physical, chemical, and bio- 
logical methods were outlined by Pal- 
ladino (119) and performance figures 
based on pilot and full-scale operations 
were presented. The same author 
(121) described a demonstration plant 
erected to determine the effectiveness 
and cost of biological oxidation of this 
waste. Primary treatment results at 


several plants handling de-inking waste 


were presented by Palladino and Baigas 
(120). These data showed that sub- 
stantially all the settleable solids and 
more than 50 per cent of the total sus- 
pended solids were removed and that 
the sludge could be vacuum filtered at 
reasonable filter loadings. Sedimenta- 
tion of mixed pulp mill wastes contain- 
ing de-inking effluent and dewatering 
of the resulting sludge was studied by 
Erspamer and Rice (49); 86 per cent 
of the suspended solids were removed 
by 2-hr. settling, but B.O.D. reduction 
averaged about 15 per cent. Dewater- 
ing on a vacuum filter gave loadings of 
only about 2 lb. per sq. ft. per hr. 

Bass and Evans (22) and Gehm 
(54) published summaries of mill prac- 
tice in treatment of white waters by 
various clarification methods. Results 
obtained by chemical coagulation and 
sedimentation were detailed by Knack 
(82). Excellent clarification was ob- 
tained at high alum dosages and it was 
possible to use the clarifier underflow 
back in the process, thus recovering 
the fiber content. Fundamental re- 
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search by Amberg (3) on the oxidation 
of board mill effluent concentrated in 
strength by repeated recycling was of 
considerable interest. Shallow storage 
at favorable temperatures in the labora- 
tory after supplementation with nu- 
trient salts and seed liquor produced 
high B.O.D. reductions in relatively 
short periods. The effects of fiber loss 
from paper mills on streams and con- 
nected sewage treatment systems were 
reviewed by Nemerow (112). 
Observation of color reduction in 
streams containing pulping wastes 
were recorded by Churchill (34). Re- 
search on pulp and paper mill wastes 
at the Lawrence Experiment Station 
was summarized by McCarthy (93). 
Snow (139), in describing industrial 
waste treatment in Connecticut, in- 
eluded paper mills in his review. 


Cannery Wastes 


Pertinent information relative to the 
types of treatment and scope of the 
problems involved in cannery wastes 
(and other industrial wastes) in In- 
diana (98), Illinois (148), Minnesota 
(151), and Wisconsin (161) was pre- 
sented by representatives of the state 
health departments and pollution con- 
trol agencies. 

Drake and Bieri (47) discuss the dis- 
posal of effluents from pea and corn 
canning plants in Minnesota by ridge 
and furrow irrigation and by the rela- 
tively new spray irrigation method. 
With either system more land is re- 
quired for disposal than by lagooning. 
Properly operated irrigation systems 
should not develop offensive odors, 
hence do not require the expensive 
odor control measures associated with 
many lagoons. The initial cost of an 
irrigation system may be considerably 
less than the initial cost of a lagoon. 
Ground-water contamination is listed 
among the possible disadvantages of 
irrigation. 

Dougherty (46) presents data on the 
treatment of cannery wastes, prin- 
cipally tomato and peach wastes, in a 
full-scale chemical treatment plant. 
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The average B.O.D. reduction was 47 
per cent. Experimental data for the 
anaerobic digestion of wastes at 97° F. 
show reductions in B.O.D. of 75, 72, 
and 51 per cent with apple, tomato, 
and peach wastes, respectively, during 
7-day detentions. The quality of the 
effluents from anaerobie digestion was 
not considered to meet requirements 
because of the strong odor, black color, 
and inability to reduce the B.O.D. be- 
low 200 to 250 p.p.m. Laboratory ex- 
perience with an accelerated activated 
sludge treatment suggested that this 
method of treatment was capable of 
effecting greater efficiencies at a lower 
cost over present conventional meth- 
ods. 

In a brief review of some applica- 
tions of an integrated flocculation and 
sedimentation unit for the treatment 
of industrial wastes, the results ob- 
tained with green and dry bean wastes 
are given (22). Green bean wastes 
with an average B.O.D. of 398 p.p.m. 
were reduced by 54 per cent over a 
one-month operation. A spot check 
during navy bean processing gave 
a B.O.D. reduction of 55 per cent 
when the influent B.O.D. was 2,780 
p.p.m. Templeton (143) briefly dis- 
cusses the several methods of cannery 
waste treatment in use at the plants 
of Stokely Foods, Inc., and also dis- 
cusses in considerable detail the work 
of the National Canners Association on 
the anaerobic digestion of pea and corn 
wastes. Sanborn (130) describes meth- 
ods for odor control and disposal of 
pea stack juice. Marsh (92) presents 
a brief description of the third year 
of operation of a pilot plant installa- 
tion for the conversion of pear wastes 
to pulp and molasses feeds. Treatment 
on a continuous basis was made pos- 
sible by redesigning certain equipment, 
particularly for the preparation and 
dejuicing of lime-treated pear pulp. 
Stock feeding tests of both pulp and 
molasses show that they are satisfac- 
tory for animal feeds. 

The presence of small quantities of 
essential oil normally present in citrus 
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wastes was found to exert an inhibi- 
tory effect on the methane digestion 
of this waste (96). Yeast fermentation 
with aeration was found to be a suit- 
able means of removing the inhibitory 
oil. The disposal of 700,000 gal. of 
citrus by-product wastes containing 6 
tons of B.O.D. per day was accom- 
plished by spreading the untreated 
wastes onto porous sandy soil basins 
under conditions conducive to uniform 
spreading (88). Absorption areas are 
used alternately for waste disposal and 
the growing of crops. 

Wright (163) presents a brief but 
instructive review of the steps taken 
over a period of years at a citrus juice 
plant to reduce wastes losses by con- 
version to animal feed, molasses, and 
oil. Aeration of the unrecovered waste 
waters with Torula utilis is employed 
to reduce the concentration of fer- 
mentable solids prior to discharge into 
a bay. Propellers installed in the bay 
end of the discharge pipe provide im- 
proved dispersal of the wastes. The 
same author (162) discusses the ex- 
traction of oil from citrus seeds, a 
waste product from the processing of 
citrus juices. Vincent (153) reviews 
the development of by-product feed 
and molasses from citrus canning op- 
erations. 


Dairy Wastes 


Stimulated by the increasing cost of 
milk and the increasing cost of waste 
disposal, the interest in dairy waste 
saving and waste utilization is defi- 
nitely increasing. 

Dean (41), as chairman of the Task 
Committee on Waste Disposal of the 
Dairy Industry Committee, reported 
on the continuing efforts of this ener- 
getie group towards better dissemina- 
tion of waste-saving information and 
towards more research in the field of 
dairy waste treatment. Eldridge (48) 
reiterated a list of 15 excellent waste- 
saving recommendations issued by 
others in previous years. Waste pre- 
vention efforts at the Belle Center 
(Ohio) Creamery reduced the pollu- 
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tion load 70 per cent, from a popula- 
tion equivalent of 3,000 to 900. 
Schwarzkopf (133) reported on milk 
losses connected with the dumping of 
10-gal. milk cans brought from the 
farms. It was found that by correct 
dumping and by allowing a 24-see. 
draining time, the milk wasted to the 
sewer from the cans during the milk 
dumping and can washing operations 
can be kept to less than 0.1 per cent 
of the total milk handled. This corre- 
sponds to a waste load of less than 1.2 
lb. B.O.D. per 10,000 Ib. of milk han- 
dled, which is an important reduction 
from what was considered good prac- 
tice some years ago. This waste load 
can be still further reduced by using 
a small ‘‘volumetric’’ prerinse that is 
collected with the drip milk, but this 
makes the drip milk more difficult to 
dispose of, even for animal feed. 
Carrick (30) discussed the great 
value of whey products for poultry 
feed. Murdock (106) reviewed prog- 


ress in dairy by-products utilization, 


largely based on the information con- 
tained in the new book by Whittier 
and Webb (157) on ‘‘By-Products 
From Milk,’’ which in itself should 
be a valuable aid in the elimination of 
pollution due to dairy waste. 

Wisniewski and Muegge (161), in 
reporting on the 2,250 dairy plants in 
Wisconsin with their 15,000,000,000-Ib. 
annual milk volume and _ estimated 
losses of 2 per cent, stressed the im- 
portance of good housekeeping in pre- 
venting stream pollution due to dairy 
waste. They state that 60 per cent of 
the cheese whey in Wisconsin now 
goes to condenseries; the remainder, 
3,000,000,000 Ib. annually, is returned 
to the farmers for direct feeding. 

Uber and Rogers (151) reported 
from Minnesota that a majority of the 
800 milk processing plants in the state 
discharge their waste to municipal sys- 
tems. Trickling filters are widely used. 

Troemper (148), reporting on condi- 
tions in Illinois, stressed the importance 
of reducing treatment costs by waste 
saving and simplified waste disposal 
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plant design. He feels that a modified 
activated sludge type of treatment gives 
low-cost treatment with a reasonably 
satisfactory effluent. 

Rugaber (128) reported on various 
difficulties experienced since 1937 with 
the trickling filter at a large milk 
evaporating plant at Coldwater, Ohio. 
A 1939 report by the Ohio State De- 
partment of Health showed very good 
results, but since then the operation 
had deteriorated for various reasons. 
The author found it necessary in 1946 
to clean out the whole plant, including 
the underdrains and the slag in the 
filter. He also increased the recircu- 
lating rate to 5:1, installed aeration in 
the flow equalization tank, and changed 
the system of sludge handling on the 
drying beds. The author concludes that 
a trickling filter plant properly de- 
signed and properly operated can do an 
excellent job of milk waste treatment, 
but that its cost is excessive and that 
it is definitely not an economical an- 
swer to the dairy waste disposal prob- 
lem. 

In general, there is an increasing in- 
terest in the use of activated sludge 
type of treatments for dairy waste, and 
Hasfurther (65) again reported on the 
aerated return sludge type of treat- 
ment plant at Huntley, Ill, which he 
reported on in 1950 when it supposedly 
had less satisfactory means of air dif- 
fusion. The published data indicate 
erratic performance. The author stated 
that no regular facilities for disposing 
of excess sludge are needed. This is 
interesting, because in the light of ex- 
perience elsewhere, it would appear 
that this plant has insufficient air and 
insufficient aeration tank depth and 
volume in proportion to the B.O.D. 
loading for complete disposal of ex- 
cess sludge by aeration. 

Thayer (145) reported in some detail 
on two different waste treatment plants 
in Ohio (Schell Creamery and Blossom 
Hill Dairy) of the same general type 
as above. For both of these plants, it 
is also claimed there is no excess sludge 
which has to be treated anaerobically 
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or otherwise disposed of outside the dis- 
posal plants. However, these two plants 
operate with relatively much more air 
(2.4 and 4.0 c.f.m. per pound of B.O.D. 
per day) and aeration tank volume 
(1.5-day retention) than the Huntley 
plant previously mentioned. 

Thayer, in another paper (144), 
again described briefly the two plants 
discussed in the first paper and also 
gave brief descriptions of three other 
plants in Ohio of a similar type, two of 
which have been in operation for many 
years and have been described pre- 
viously by others (New Bremen and 
Belle Center) and a fifth one (Cherry 
Grove) that is new. All of these plants 
appear to have a very generous air 
supply and aeration tank volume. It 
might be noted that it has always been 
reported that both the New Bremen and 
the Belle Center plants have had to 
remove a certain amount of excess 
sludge from the aeration system. 

Thayer stressed that the operation 
of the three new plants is extremely 
simple and that the ratio of sludge 
return is not critical (presumably 
above a certain point). He feels that 
there is a great advantage in having 
an aerated holding tank ahead of the 
regular aeration tank which is inocu- 
lated with return sludge. Actually, 
no proof is given that better or just as 
good results would not be produced 
with the same amount of air and the 
same total tank capacity if both tanks 
were used as aeration tanks with vari- 
able level in order to equalize the flow 
through the settling tank. This latter 
method of operation might be preferred 
where a plant is operated with one 
blower so that the head pressures over 
all diffusers would remain the same. 
Also, it may provide for better utili- 
zation of the total air supply. 

Hoover and associates (72) of the 
Eastern Regional Research Laboratory 
have continued their laboratory aera- 
tion studies of milk waste. They have 
previously suggested aerobie fermenta- 
tion (or activated sludge treatment) 
followed by centrifuging instead of co- 
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agulation and settling. They now sug- 
gest a fill-and-draw activated sludge 
process similar to what has been tried 
from time to time by others. 

In regard to commercial use of 
centrifugation as a step in dairy waste 
disposal, it will probably be found that 
centrifuges are too costly to buy and 
operate. As regards a fill-and-draw 
activated sludge system, it might well 
be found that the sludge is apt to go 
septic during the drawing period. 

In another paper by the same au- 
thors (74), they go into more detail 
about the rate and extent of oxidation 
of skim milk, casein, and lactose by 
activated sludge as determined by 
manometric and chemical analyses. 
The value of the work of these authors 
is in the wealth of data they have pub- 
lished that help explain the biological 
reactions taking place in the aerobic 
treatment of dairy wastes, and which 
in the long run are bound to help sim- 
plify and lower the cost of dairy waste 
disposal. 

As an interesting by-product to this 
work on dairy waste, the Eastern Re- 
gional Research Laboratory group 
(123) (73) has become interested in the 
various possibilities of obtaining yeast 
and other valuable feed supplements 
from dairy by-products and from ac- 
tivated sludge produced from either 
dairy waste or city waste. Both types 
of waste produce activated sludge rich 
in at least certain kinds of vitamin B,.,, 
which, however, may or may not be of 
the type that is of greatest benefit in 
animal feed. 


Tannery Wastes 


Thorstensen (146) makes the state- 
ment that tanneries must invest in 
waste treatment facilities if they are to 
continue in operation. He reviews the 
problems that the industry must face 
and outlines possible solutions. Reun- 
ing, Harnly, Benrud, Morris, and 
Marshall (4) presented papers on the 
treatment and recovery of chrome 
wastes, conservation of chrome, treat- 
ment of vegetable tanning wastes, and 
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the methods used in the disposal of 
wastes at a tannery in Bolivar, Tenn. 
To handle a chrome tannery waste con- 
taining 1,175 p.p.m. of suspénded mat- 
ter the construction of a sewage farm 
to prevent the discharge of the tannic 
and chromie acids to the stream was 
considered, as well as the construction 
of a pipeline to the sea (8). 


Textile Wastes 


Helmers and Sawyer (69) reported 
on the nutritional requirements of ac- 
tivated sludge when used in the treat- 
ment of cotton kiering waste. Mixtures 
of domestic sewage and the waste give 
indications of a _ possible treatment 
method. The studies show the maxi- 
mum and critical nitrogen requirements 
of the organisms. There is no reason 
to believe that there is a shortage of 
phosphorus in the mixtures of sewage 
and waste. One of the South’s largest 
synthetic fiber plants (17) treats sani- 
tary sewage, sulfide, alkali, and acid 
wastes by mixing, thereby using the 
alkaline wastes to neutralize the ones 
that are acid. Additional neutraliza- 
tion is accomplished by automatic pH 
control. Hazeldine (68) states that 
waste bleaches normally require caustic 
soda recovery plants, as do mercerizers. 
Some waste bleaches need de-greasing 
plants. Stareh should not be dis- 
charged, but should be caught under 
the starch mangles and trucked to a 
dump; indigo dyes should have indigo 
recovery tanks. The waste bleaches re- 
quire screens for the recovery of fiber. 
Klein (81) gives the general methods 
for treating textile wastes by physical 
and chemical means; for neutralization 
he discusses the use of sulfuric acid and 
lime, for color removal bleaching pow- 
der or sodium hypochlorite, and for 
coagulation he mentions the use of sul- 
furic acid, lime, alum, ferrous sulfate, 
and copperas. The mereerizing wastes 
are treated by evaporation with the re- 
covery of caustic soda. Kier liquors 
are made acid to methyl orange with 
sulfuric acid, which precipitates some 
of the organic matter and removes some 
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color. Cotton dyeing wastes are said 
to be treated with bleaching powder, 
hypochlorite, or bleach liquor to de- 
stroy the sulfide. Another method is 
to precipitate with copperas and lime. 
This is said to remove the sulfide as 
iron sulfide; aeration is used to assist 
in the flocculation. In rayon manu- 
facturing the waste caustic liquors can 
be dialyzed to remove dissolved hemi- 
celluloses and thereby make it possible 
to recover the caustic soda for re-use. 
The waste acid liquors can be filtered, 
evaporated in an acid regeneration 
plant, and crystallized to remove 
Na.SO, and other salts, and recover 
most of the sulfuric acid. A new 
process for the treatment of sulfide 
liquors containing sodium sulfide and 
polysulfide has been tried, consisting 
of aeration of the liquor in a tank 
partially filled with stone. A sulfur 
bacteria developed on the stones con- 
verts the sulfide to sulfate and thiosul- 
fate. 

The New England Interstate Water 
Pollution Control Commission has pub- 
lished an extensive review on textile 
wastes (113). 

Goode (59) describes a waste treat- 
ment plant that handles wool fulling, 
scouring, and finishing wastes at a daily 
cost of about $30 for a flow up to 1 
m.g.d. The process used is rotary 
screening, chemical flocculation, chlo- 
rination, and sludge lagooning. The 
B.O.D. is reduced from 280 to 20 p.p.m. 


Petroleum Processing 


At the Humble refinery (14), re- 
sponsibility for waste treatment is di- 


vided between the Process and Oil 
Movement Divisions. The laboratory 
arranges and conducts waste-water sur- 
veys. A Committee on Waste Disposal 
is responsible for long-range planning. 
Rae (124) described the waste dis- 
posal system at Sarnia, Ont., in detail, 
including refining wastes, subsurface 
injection of brines, removal of waste 
solids, and phenol control. 
Development of zoogleal bacteria in 
oil-water separators and sewers has 
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complicated the problem of oil sepa- 
ration because the gelatinous material 
absorbs a relatively large amount of 
oil. Redlien and McClintock (125) 
found that hypochlorite provided the 
best control; an 0.1-p.p.m. chlorine 
residual destroyed the growths in 15 
min. Copper sulfate up to 2.5 p.p.m. 
apparently accelerated the growth, and 
10 p.p.m. was not completely effective. 
The authors note that alkaline wastes 
should not be discharged to sea water, 
because the precipitated magnesium 
hydroxide absorbs oil. Oil-bearing 
solids have either been incinerated or 
washed with hot water plus aeration 
to recover oil. 

Giles (55) pointed out that highly 
effective operation of A.P.I. gravity 
separators can be attained only with 
‘‘elean’’ oil-water suspensions because 
complex mixtures of oil, emulsions, and 
settleable solids retard separation. 
Even with efficient operation, this 
equipment will not effect quantitative 
separation of oil, and it should be re- 
garded only as a primary treatment. 
He cited the improved separator opera- 
- tion that resulted when boiler-water 
treatment sludge, residual water from 
emulsion treatments, and materials pro- 
moting emulsification were excluded 
from the separator influent. Giles et 
al. (56) discussed the function and 
design of gravity separators, conclud- 
ing that a substantial portion of the 
oil in separator effluents can be at- 
tributed to inherent design features 
and that the remaining portion, be- 
cause of non-separability, cannot be re- 
moved by a separator of practical size. 
In a prepared discussion, Rohlich re- 
ported on a laboratory study of basic 
separator design features, indicating 
the desirability of submerged waste- 
water inlets to overcome disturbance 
of hydraulic behavior caused by the 
nappe velocity of an influent weir. 

A small-seale Accelator following an 
A.P.I. gravity separator was operated 
by Austin and Vause (18). They 
found dolomitie lime better for pH con- 
trol than caustie soda, soda ash, or 
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water-softener sludge. Using alum as 
coagulant, best results were obtained 
at pH 8.5; ferrous sulfate gave best 
results at pH 9, but a satisfactory ef- 
fluent could be obtained over the range 
8 to 10. This wider flocculation range 
was a distinct advantage, because of 
large pH fluctuations of the influent 
water. Oil was reduced 91 per cent, 
turbidity 93 per cent, and B.O.D. 50 per 
cent with 25 p.p.m. FeSO,, 10 p.p.m. 
activated silica, and 150 p.p.m. dolo- 
mitie lime. Barry (20) reported that 
two A.P.I. separators in series failed 
to remove enough oil to meet require- 


ments. A Gibbs diffusion unit was in- 


stalled in a storage tank feeding the 
separators. Without chemical treat- 
ment, oil was separated from the clay 
particles and could later be separated 
from the water in the A.P.I. units. 
D’Arcy (39) stated that properly de- 
signed and operated dissolved-air elari- 
fication has been effective in removing 
free oil from waste water. When col- 
loid-forming chemicals are added, flo- 
tation will often produce effluents con- 
taining less than 25 p.p.m. free and 
emulsified oil, less than 100 p.p.m. sus- 
pended solids, and the B.O.D. and the 
H,S-generating capacity will be re- 
duced substantially. 

Treatment of waste water from white 
oil manufacture was deseribed by 
Schindler (131). Exhaustive treat- 
ment of suitable petroleum fractions 
with fuming H,SO, is required to pro- 
duee technical and medical white oils. 
The acid sludge is disposed of by burn- 
ing; the SO, evolved is converted to 
fresh acid in a contact plant. Cooling 
of the gas by direct water contact pro- 
duces a waste containing SO, equiv- 
alent to 0.1 to 0.2 per cent H,SO,, the 
largest component of the refinery waste. 
The other waste is highly colored, acid 
or alkaline, contains water-soluble 
sulfonic acids, and sometimes emulsi- 
fied oil. This process water is ad- 
justed to pH 5 with waste water 
from the acid plant. Sulfonie and 
mineral acids are then neutralized 
with hydrated lime to pH 7 to 8.4 in a 
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plant providing continuous settling and 
supernatant discharge. This plant 
treats 18,000 to 40,000 g.p.d. Color is 
reduced from 1,700 to 5,100 to 30 to 60 
p.p.m., and oxygen consumed from 460 
to 760 to 35 to 50 p.p.m. 

Employing extraction 
lation techniques in proper com- 
bination, it should be possible to 
recover compounds suitable for var- 
nishes, drying oils, solvents, detergents, 
resins, insecticides, catalysts, ete. (5). 
Bartholomew (21) claimed that spent 
acid from alkylation plants, which 
contains 88 to 92 per cent H,SO, and 
6 to 10 per cent hydrocarbons, could be 
used to produce fresh acid by spraying 
it into a furnace for decomposition at 
2,200° F. Heat would be furnished by 
the hydrocarbons in the waste, plus 
additional gaseous fuel where neces- 
sary, the hot gases passed through a 
recuperator to preheat the’ furnace air, 
scrubbed with acid, cooled by direct 
water contact, the SO, recovered by 
air-stripping, dried by serubbing with 


and distil- 


concentrated H,SO,, and passed to a 


contact plant. Bland reported (25) 
that 12 oil companies have released pre- 
viously restricted information on re-use 
and regeneration of spent alkylation 
acid. Although practice differs consid- 
erably, this waste product was found 
to be satisfactory for treating naphthas 
and furnace oils. Lube stocks can be 
processed with it, provided a subse- 
quent re-run step is used and some- 
what lower filter yields can be toler- 
ated. Waxes have been refined with 
spent acids, but results have not been 
uniformly satisfactory. Slade (137) 
has written a general diseussion of 
waste and prevention of 
sludge treating petroleum 
distillates with H,SQ,. 

Wastes from  organie chemicals 
manufactured from petroleum hydro- 
carbons are reported from results of a 
research project by the Southwest Re- 
search Institute (11).  Dichromate 
used for corrosion control interfered 
with D.O., B.O.D., Cl,, and formal- 
dehyde tests, and improved methods 


recovery 


losses in 
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were developed to reduce interfer- 
ences; however, no details are given. 
Tables are given for B.O.D. recovery 
by the new method. It was also 
found that the minimum toxic amount 
of dichromate was 70 p.p.m. for gold- 
fish and 200 p.p.m. for bluegills. Be- 
cause the plant is in Texas, solar evap- 
oration from spray ponds is feasible. 
Evaporation is aided by pumping 
pond water to spray nozzles at the top 
of tall pipes. 

Fellows (50) discussed recharging 
oil-well brines, separation of oils and 
tars, and disposal of alkali wastes at 
refineries. 


Coal Wastes 


Suggestive findings on acid mine 
water were announced by Temple and 
Colmer (142). Acid water forms in 
active, inactive, or abandoned coal 
mines, or in gob piles, but never in 
seams not opened by mining. The pH 
of such water may be as low as 2, and 
there may be titratable acidity of sev- 
eral thousand p.p.m. Ferrous sulfate 
is the predominant dissolved salt, but 
sulfates of caleium, magnesium, and 
aluminum are also usually present. 
The metal and sulfate ions balance, 
indicating the absence of free acid. 
Ferrous iron is not oxidized by air if 
the pH is low, and the authors claim 
discovery of a specific bacterium, as 
yet unelassified but not remotely 
resembling known iron bacteria, that 
causes oxidation under this condition. 
When acid water was treated with a 
bacteriacide or passed through a Seitz 
filter, there was no oxidation. When 
such water was seeded with untreated 
mine water, oxidation occurred. The 
authors claim that Thiobacillus 
thiooxidans is an important factor in 
mine acid formation. Other investi- 
gators maintain that mine acid forma- 
tion is purely a chemical reaction, and 
that the presence of 7. thiooxidans is 
merely adventitious. 

Coal washery wastes often cause 
eritical problems on small streams 
where they are the only source of pol- 
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lution; Gillenwater (57) states that 
although coal operators are urged to 
cooperate, a definite program is im- 
possible without a legal foundation. 
The effect of silt on streams is mostly 
physical, but the cost of purifying 
water from silt-laden streams is rising 
steadily. Ponds of adequate size pro- 
vide a simple and efficient desilting 
measure. Pumpage of the waste water 
to abandoned mine sections is some- 
times practiced, and some operators 
use clarifiers and filters. 

Siebert (136) presented an histori- 
cal review of the anthracite industry 
and surveyed wet-preparation prac- 
tice. At peak season production the 
hard coal area of Pennsylvania may 
have discharged 1,800,000 tons of silt 
annually to the Schuylkill River, re- 
cently dredged in the largest opera- 
tion of the kind ever undertaken. 
Silt settling basins are widely used; a 
3-hr. detention period reduces sus- 
pended solids to less than 1,000 p.p.m. 
When Pennsylvania initiated clean-up 
measures 19,000 tons of silt were being 
discharged per day; this has now been 
reduced to 2,000. 

Fish killings following intense local 
rains during low stream stages were 
traced to acidic water flowing from a 
coal mine gob pile. Gross and Lee 
(62) stated that the problem was 
solved by impoundment of the drain- 
age by a levee on the stream bank. 


By-Product Coke Wastes 


A comprehensive paper on treat- 
ment and disposal of coke plant 
wastes by Marsden (91) deseribes the 
various wastes and the treatment 
methods that have been used. A 
number of tables list representative 
compositions of the liquors and state 
their effects. Legal aspects, methods 
of charging for municipal disposal, 
effluent standards, and toxicity are 
discussed. 

British legislation affecting coke 
works was reviewed by Bondy and 
Priestley (27), who then deseribed 
several treatment plants briefly and 
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the new Bolsover plant in detail. 
Low-temperature carbonization of coal 
produces 1,200 g.p.h. of phenolie liq- 
uor with 30,000 p.p.m. O. C.; 1.5 per 
cent phenol [by bromide-bromate; 0.2 
per cent proved to be (NH,),8,0,]; 
0.13 per cent free NH,; 0.44 per cent 
total NH,; 0.07 per cent total S; and 
8.5 to 8.9 pH. It was decided to im- 
prove this liquor to the maximum 
practical extent and help pay the cost 
with by-product recovery; the aim 
was 90 to 95 per cent efficiency. An- 
alysis disclosed that the phenolics were 
65 per cent mono- and 35 per cent 
dihydric. Trial extractions showed 
that benzene, toluene, butyl chloride, 
and aliphatic hydrocarbons were inef- 
fective. Ether was very good, but too 
dangerous for plant use; butyl acetate 
proved to be satisfactory; methyl 
isobutyl ketone was an even better 
solvent for the dihydrics, but it was 
more soluble in water (2 vs. 0.8 per 
cent) and required more stripping 
steam for recovery. Trials indicated 
that a packed tower, using a liquor/ 
solvent ratio of 8:1 (much lower than 
for benzene), would yield the desired 
results. The liquor is quite corrosive 
to mild steel and cast iron, but not te 
aluminum; care must be taken to 
guard against electro-corrosion — be- 
tween aluminum and steel at elevated 
temperatures. On the basis of the ex- 
perimental work the commercial plant 
was designed, yielding a stripped liq- 
uor with a phenol content of 0.07 to 
0.1 per cent and an oxygen consumed 
value of 270 to 300 p.p.m. 

Phenol removal and complete puri- 
fication of waste water from coal ecar- 
bonization were discussed by Cro- 
togino (38). Waste disposal and re- 
covery problems are particularly 
severe lignite hydrogenation; 
wastes from the various steps must 
be treated separately because of dif- 
ferences in composition. Oil separa- 
tion, phenol extraction, NH, recovery, 
and H,S removal are described. Final 
purification of the combined effluents 
after pretreatment is difficult because 
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of the high phenol content. Biological 
purification, combined with activated 
carbon treatment, gave satisfactory 
results at reasonable cost. Addition of 
asbestos resulted in increased capac- 
ity and stabilized operation of the 
biological unit. 

A preliminary report on the co- 
operative study of chemical oxidation 
of dephenolized ammonia liquor, was 
given by Cleary and Kinney (35). 
The full report, published by the Ohio 
River Valley Water Sanitation Com- 
mission (115), states that phenols can 
be completely oxidized by chlorine, 
ozone, or chlorine dioxide. Also, O.C. 
and B.O.D. values were materially re- 
duced by each oxidant. A relatively 
small dose of oxidant reduced the 
phenol content of the liquor sub- 
stantially, but increasingly heavier 
were required to lower the 
phenol further. The results of this 


doses 


investigation indicate that: (a) phenol 
content of the liquor is not the sole 
basis for determining the oxidant dose ; 


(b) there was no correlation between 
the O.C. values and oxidant demands; 
(c) no temperature adjustment was 
necessary except for chlorine, which 
tends to form chlorates above 45° C.; 
(d) a pH of 7 to 10 was best for 
chlorine oxidation; (e) with chlorine, 
the ammonia had to be completely 
oxidized before the phenol breakpoint 
could be reached; (f) complete oxida- 
tion was essential to avoid the pres- 
ence of chlorophenols; (g) chloride 
content increased in proportion to the 
amount of chlorine used, chlorine di- 
oxide increased it slightly (1.5 per 
cent), whereas ozone had no effect; and 
h) chlorine and chlorine dioxide in 
showed no advantage, but a 
mixture of the two reduced the net 
dosage substantially. Important as 
this study was, further research will 
be required before the problem can be 
solved. Murdock (107) discussed the 
data on chlorine and chlorine dioxide, 
and gave additional data for refinery 
wastes containing sulfides. He calcu- 
lated the cost of ozone oxidation 
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(using commercial oxygen) of still 
waste for a 100-oven plant at 3¢ per 
ton of coal coked. For a 300-oven 
plant the cost would be 2¢, and with 
low-cost oxygen this figure could be 
reduced to 1.25¢. The life of an 
ozonator is estimated to be 24 yr., but 
a 12-yr. write-off was used in the eal- 
culations. 

A new method for destroying resi- 
dual toxie substances in ammonia still 
liquor was proposed by Cooper and 
Bouch (36). Their experimental work 
indicates that nitric and nitrous acids 
are practicable for the purpose. Nitric 
acid decomposes inorganic salts, such 
as thiocyanates and thiosulfates, and 
the gaseous products, after oxida- 
tion by air, can be recovered for re- 
use. The total effect is to convert 
toxic salts to harmless compounds by 
using atmospheric oxygen indirectly. 
Phenolics, however, combine’ with 
nitrie acid, which then becomes ir- 
recoverable. Nitrous acid, if an ex- 
cess is used, works as well as nitric in 
the proposed process. 


Pickling and Acid Wastes 


A number of proposals for using 
spent pickle liquor were advanced by 
Jones (77). He suggested making 
zine chloride and zine sulfate from 
pickle liquor and sal skimmings, with 
pigment-grade iron oxide as a_by- 
product (ef. Ref. 221 in 1949 Review) ; 
treating brass and copper serap to make 
zine and copper sulfates; recovering 
manganous sulfate by extraction of 
low-grade ore (cf. Ref. 650 in 1950 Re- 
view), and treating the solution with 
aluminum metal to produce manganese 
or ferro-manganese; using aluminum 
shavings to precipitate iron powder 
and recover aluminum sulfate; adding 
ammonium sulfate to produce ferrous 
ammonium sulfate; converting phos- 
phate rock to superphosphate; and 
using caustic soda to make sodium 
sulfate and iron oxide. Some of these 
proposals have been tried and found 
wanting, others would require con- 
siderable basic research. Ferrous am- 
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monium sulfate would be a desirable 
product if it could be made cheaply 
enough; it is a stable salt, valuable as 
a fertilizer component for its iron and 
nitrogen content, which overcomes chlo- 
rosis in plants and trees. 

Operation of the string-discharge 
vacuum filter for filtering lime-neutral- 
ized pickle liquor sludge was described 
by Guillot (63). His data were drawn 
largely from the pickle liquor neutrali- 
zation pilot plant operated by the 
Marblehead Lime Co., which showed 
that such sludges could be handled 
practically on a rotary vacuum filter 
(ef. Ref. 302 in 1950 Review). A nomo- 
graph for determining the weight of 
lime required for complete neutraliza- 
tion of pickle liquor was published by 
Hoak (71). 

Information on the various types of 
limes and limestones, and their com- 
parative costs for a theoretical plant 
located in New Jersey, was prepared 
by Jacobs (75). High-ealeium lime- 
stone of 14- to 114-in. size in beds 5 to 
6 ft. deep will provide effective neu- 
tralization for HCl and HNO, in 5 
per cent strength at a rate of 5 g.p.m. 
per sq. ft. Neutralization of H,SO, in 
such a bed is ineffective at an acid 
strength greater than 0.3 per cent; the 
flow rate at this concentration must not 
exceed 1 g.p.m. per sq. ft. Dolomitic 
stone has 15 to 16 per cent greater neu- 
tralizing value than high-calecium stone, 
but the flow rate must be much lower 
because of the slower reaction rate. 
Limestone ground to 20-mesh will neu- 
tralize H,SO, in 45 to 60 min., but this 
time can be cut to 30 min. by using a 
10 per cent excess. <A special type of 
limestone, containing a trace of graph- 
ite, is found in New Jersey; it is highly 
reactive. A plant is described (10) in 
which an acid waste, plus a small 
amount of alkaline waste, flows at 65 
g.p.m. to a 4,500-gal. equalizing tank. 
The mixed waste flows to a 200-gal. 
chemical treatment tank for addition of 
lime slurry, from whence it overflows 
to two 4,500-gal. tanks, in series, with 
slow-mix paddles; and from there to a 
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final settling tank. The pH of the plant 
waste varies from 1 to 6, the final effluent 
from 7 to 10; it contains a maximum of 
1 per cent total solids. Lime slurry is 
fed automatically by a pH controller 
actuating two feed lines (14- and 1-in.) 
to attain close control. 

Several waste treatment plants in 
Connecticut were described by Snow 
(189). A pickle liquor rinse-water neu- 
tralization plant is practically identical 
to reference (10) above. A _ plating 
waste contains chromium, nickel, and 
cadmium. After adjusting the pH to 
2 to 3 with H,SO, it is treated with 
metabisulfite, the pH is increased to 
7.5 with lime, the waste is settled, the 
supernatant is discharged to a sewer, 
and the sludge is hauled to a lagoon. 
A cyanide waste is treated by circulat- 
ing it through the ejector of a chlorina- 
tor, with caustic soda added for pH 
adjustment. The waste is discharged 
to mixing and settling tanks; after a 
2-hr. detention period the supernatant 
is decanted if the pH is 8.5 and it con- 
tains 2 p.p.m. chlorine residual. 

Successful treatment of waste water 
from an axle manufacturing plant by 
lagooning was described by Griffith 
(61). The waste water, containing 
acid and alkaline cleaners, mineral and 
emulsified oils, solvent emulsions, paint, 
boiler compounds, and coal pile 
drainage, flows to a small and a large 
subsidence basin in series. Oil skimmed 
from the small basin recovers part 
of the treatment cost. The large 
basin provides 25-day storage. This 
procedure reduces the B.O.D. by 93.4 
per cent, suspended solids by 83.1 per 
cent and oil by 95.2 per cent; it is a 
low-cost, high-efficiency disposal method 
that meets the requirements of the local 
department of health. 


Plating and Cyanide Wastes 
The chemistry of cyanide treatment 


was reviewed by Milne (102). Where 
cyanide waste is neutralized by dilu- 
tion with stream water, the bicarbonates 
present tend to buffer the mixture at 
pH 7. Under these conditions NaCN 
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is hydrolyzed to HCN and NaOH;; the 
latter combines with atmospherie CO, 
and maintains the buffering capacity. 
Another possibility in neutralization 
is hydrolysis of HCN to ammonium 
formate and azulmic acid; caleium and 
magnesium ions are reported to pro- 
mote this reaction. Cyanide ions form 
tight complexes with certain metals, 
some of which dissociate very slightly. 
and precipitation of ferrous ferrocy- 
anide has been used as a treatment 
method; but an excess of hydroxy] ions 
reverses the reaction and the precipi- 
tate is difficult to handle. Treatment 
with a nickel salt has been proposed, 
because the nickel complex continues 
to form as long as nickel ions are 
present. Precipitation of cyanide with 
spent metal salt solutions has been 
proposed to recover the metal, but it 
is difficult to control the concentration 
of heavy metals whose ions may be 
toxic. The most popular cyanide dis- 


posal method is alkaline chlorination, 
but cyanide complexes complicate the 


reaction and more research is indicated. 
Alkaline permanganate has been pro- 
posed, but the reaction is uncertain and 
the sludge is hard to handle. Thiosul- 
fate oxidizes cyanide to thiocyanate, 
but this ion is slightly toxic. Alkaline 
chromate oxidation of cyanide to 
cyanate has been suggested, but the 
reaction is quite slow; if a catalyst 
could be found, this would be a boon 
to chromium platers. The copper- 
ammonia complex converts cyanide to 
cyanate and precipitates cuprous cya- 
nide, but reaction conditions have not 
been established. Lime-sulfur has been 
used to convert cyanide to thiocyanate, 
but this is not a reliable treatment be- 
cause the product is toxie. Cyanide 
reacts with bisulfite addition products 
of aldehydes and ketones to form hy- 
droxynitrile or eyanhydrin, which 
either precipitate or hydrolyze to am- 
monia and various hydroxy compounds ; 
these reactions are generally only of 
academic interest. 

Lack of knowledge of limiting con- 
centrations of plating waste in streams 
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was cited by Langford (87), who 
briefly discusses neutralization, with 
pH control; alkaline chlorination ; acid- 
ification with removal of HCN by aera- 
tion ; copperas and lime treatment; and 
copperas reduction of chromates fol- 
lowed by lime precipitation. The Prus- 
sian-blue test for cyanide is deemed 
adequate where treated waste is dis- 
charged to sewers, but the benzidine 
hydrochloride test is recommended for 
low concentrations. One district in 
ingland (9) established the following 
limits, in p.p.m.: CN, 1 to 3; Cr, 6 to 8; 
Fe, 12 to 16; suspended solids, 20; 
and pH, 6 to 9. 

At one plating plant (80), acid and 
alkaline waters are scheduled for dis- 
charge at the same time to effect partial 
neutralization in the sewer. The waste 
then flows to six 3,000-gal. tanks, of 
which the first four are baffled and the 
last two have agitators. Caustic is fed 
to the last tank as a 20 per cent solu- 
tion by automatic pH control; one valve 
feeds 0 to 2 g.p.m., the other 0 to 30 
g.p.m. Dilute cyanide waste flows to 
two 6,000-gal. tanks, with agitators, 
to provide 1-hr. detention and equaliza- 
tion. Automatie chlorinators operate 
when waste flows from these tanks, and 
caustic is added to maintain pH 8.5, to 
form eyanate. Concentrated cyanide 
(15,000 p.p.m.) is completely treated 
by batch alkaline chlorination. Data 
on chlorine and caustic soda are given. 
At another plant (7) cyanide waste 
is produced intermittently. It flows to 
a storage tank, from which it is pumped 
proportionally to main plant waste flow 
of 125,000 g.p.d., thus yielding a con- 
stant, low concentration. Caustic is ad- 
ded by automatie pH control, and the 
eyanide is oxidized by chlorine. The 
waste flows to a holding tank where 
more caustic and chlorine are added te 
maintain a residual of 1 to 3 p.p.m. 
in the clear effluent. 

Dodge and Zabban (44) report on 
studies of various stages of cyanide 
oxidation. Cyanide can be completely 
oxidized to cyanate with hypochlorite 
at room temperature in 5 min. Nickel 
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cyanide was the only exception; it re- 
quired % hr. and 20 per cent excess 
hypochlorite. Cyanate is completely 
oxidized to nitrogen and CO, in about 
1 hr. at room temperature. For oxida- 
tion to cyanate, the pH should be 10 
to 12.5 to avoid formation of cyanogen 
chloride, but the second stage can be 
completed at pII 7.5 to 9; as pH in- 
creases above 9, oxidation of cyanate 
decreases rapidly. 

At the Seattle plant of Boeing (12), 
concentrated cyanide waste and all 
toxic solids are sealed in leak-proof, 
non-buoyant drums and dropped in the 
ocean 100 mi. off the continental shelf. 
Weaker cyanide solutions are treated 
with calcium hypochlorite in batches. 
Final waste contains less than 1 p.p.m. 
Cn and hasa pH 6to8. A continuous 
treatment is described by Chamberlin 
(32). Water from the first rinse tank 
in a plating line is recirculated at 10 
g.p.m. through the injector of a chlo- 
rinator. Fresh water flows to the tank 
at 1 g.p.m. and a like amount goes to 
the sewer. Caustic solution is added to 
the recycle line, and a control sounds 
an alarm if the pH drops below 8.5. 
The second and third rinse tanks con- 
tain negligible cyanide, and sometimes 
a chlorine residual. There is no chlo- 
rine odor, and no spoilage of plated 
surfaces. A bibliography of papers on 
cyanide chlorination has been pub- 
lished (6). 

The General Motors program and 
three of its waste cyanide treatment 
plants are described by Milne, Uhl, 
Roy, and Hauri (101). The program 
emphasizes better control to improve 
efficiency ; recovery of chemicals; and 
development of substitute processes, 
e.g., gas cyaniding for molten cyanide 
baths, and acid for cyanide copper 
plating. At a Diesel engine plant, 
waste from molten cyanide baths is 
dissolved in a tank of water with an 
agitator; chlorine is dispersed di- 
rectly from a cylinder until a test 
shows cyanide absent. Pontiac treats 
30 lb. cyanide from heat treating, 100 
to 150 gal. from zine plating, and 
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1,350 gal. from copper plating per 
week. The wastes are treated separ- 
ately; chlorine is dispersed directly 
from a cylinder and the water is re- 
eyeled until all the cyanide has re- 
acted. Depending on the type of 
waste, chlorine consumption varies 
from 3.25 to 7.58 lb. per 1b. CN, and 
up to 6.3 Ib. caustic soda has been 
used. At Deleco-Remy, water from the 
final rinse tank of a zinc-plating line 
is recirculated at 10 g.p.m. through a 
chlorinator. Fresh water is added 
and overflows from the tank at a con- 
stant rate. There is pH control, but 
experience has shown that 80 lb. of 
caustic per day will hold the pH to 8.5 
to 10. Hauri (66) (67) has published 
additional details of this installation. 

Laney (86) has proposed a method 
for integrating waste treatment with 
plating line operation. He suggests 
automatic plating lines to reduce 
waste and labor cost. If waste treat- 
ment is included as an integral part 
of such a line, the cost would be about 
10 per cent of the investment in pro- 
ductive equipment, or 1 per cent of 
the cost of a conventional treatment 
plant. For chromium, he _ proposes 
spraying plated work with an alkaline 
reducing solution, settling the sludge, 
and recycling the water to the plating 
tanks. He also suggests ion exchange 
in a recirculating system to provide 
de-ionized rinse water; though back- 
wash would need treatment, he claims 
an over-all economy. For cyanides, 
he recommends a reservoir equipped 
for chlorination, and notes that the 
alkalinity will normally be adequate 
to maintain pH 8.5. The treated waste 
would flow to a holding tank provid- 
ing 1- to 2-day retention before re- 
eyeling supernatant. Ion exchange is 
recommended for cyanides because 
the backwash can be processed for 
re-use. For acid rinses, he proposes 
the same kind of recirculating treat- 
‘ment system. He prefers ion ex- 


change where the work must undergo 
further plating without buffing. 
The General Electric waste control 
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program was reviewed by Watson 
(156). At Erie, Pa., cyanide rinses 
receive batch alkaline chlorination; 
chromium waste is reduced, precipi- 
tated, and settled in a Cyclator; con- 
centrated acids are separately neu- 
tralized with lime; all sludges are 
finally combined and vacuum filtered. 
Details of this plant are given by 
Townsend (147). At Brockport, N. Y., 
chromium is reduced, precipitated with 
soda ash and the sludge lagooned. At 
Philadelphia, Pa., acid waste is neu- 
tralized to pH 5 by recirculation 
through upflow limestone beds and dis- 
charged to a city sewer. Milne (100) 
has examined waste solutions from 
several comprehensive metal processing 
plants for their effects on streams and 
sewage plant operation. Methods for 
treating wastes and preventing losses 
are discussed. Cooper (37) gave a 
general review of plating waste treat- 
ment, including much useful practical 
and technical advice. A prepared dis- 
cussion reported that Project 10 of the 
American Electroplaters’ Society will 
include studies on oxidation of cyanide 
with chromic acid; acid hydrolysis of 
eyanide with chromie acid; conditions 
affecting evolution of HCN; ion ex- 
change; and cyanide treatment with 
ferrous sulfate and caustic soda. Pyro- 
phosphate baths are not yet available 
for all metals plated from cyanide 
baths, and the deposits are not neces- 
sarily equivalent. 

Ozone was found by Tyler, Maske, 
Matthews, and Westin (149) to be as 
effective as chlorine for oxidizing cy- 
anide, and easier to control. They 
treated cadmium cyanide solutions di- 
rect from plating baths with ozone gen- 
erated in the laboratory. Their equa- 
tions show that a mol of ozone is re- 
quired to convert cyanide to cyanate, 
and 1.5 mels additional is needed for 
complete destruction. Efficiency was 
improved by starting treatment at pH 
11 to 12; oxidation to cyanate was then 
complete before the pH fell to 8. An 
electrolytic method for destroying cy- 
anides was patented to Wagner (155). 
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An electric current is passed through 
an aqueous cyanide solution at a tem- 
perature of 200° F. until the solution 
is substantially non-toxic. 

The Metal Finishing Committee (15) 
of the Ohio River Valley Water Sani- 
tation Commission plans several manu- 
als; one on plating room controls has 
been issued (114). First attention 
should be given to drag-out losses be- 
cause they account for 60 to 80 per cent 
of all plating supply costs, exclusive of 
anodes. 

Treatment of chromium wastes by 
ion exchange was studied by Tyler, 
Maske, and Westin (150). If trivalent 
chromium is passed through a bed of 
Zeo-Karb H, true cation exchange will 
result through replacement of hydro- 
gen in the sulfonate by chromium. But 
this resin cannot function as an anion 
exchanger; if hexavalent chromium is 
applied, the active carbon in the resin 
will adsorb the chromate. On acid re- 
generation, chromium will be reduced, 
an equivalent amount of carbon oxi- 
dized, and some chromium regenerated 
as an acid salt. This mechanism was 
confirmed by using Carbo-Dur, an ae- 
tivated carbon of high capacity. 
Stromquist and Reents (141) applied 
ion exchange to removal of extraneous 
ions from a chromium plating bath. 
These baths pick up metals (Fe, Cu, 
Zn, ete.) from the parts being plated, 
and when their concentration reaches 
10 to 15 g. per liter the bath must be 
discarded. Operating a cation ex- 
change resin in the hydrogen eyele at 
pH 0.7 to 0.8 they were able to remove 
enough of the contaminating ions to 
make the bath re-usable. The styrene 
divinyl benzene resins were found to 
be most suitable because of their sta- 
bility under extreme conditions of 
acidity, alkalinity, oxidation, and tem- 
perature. The resin was regenerated 
with 20 to 25 lb. 66° sulfuric acid per 
cubic foot, at 10 per cent concentration. 
Removal of aluminum from anodizing 
baths is also possible by this technique. 

Design and operation of a plant to 
treat waste water from a metal working 
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plant was described by Gard, Snavely, 
and Lemon (52). The wastes contain 
acid, alkali, zine, copper, chromium, 
and cyanides. Sanitary wastes are di- 
verted to the plant sewer; acid wastes 
containing chromium are collected sep- 
arately from alkaline wastes containing 
eyanides, cleaners, and oils. Chro- 
mium is reduced with metabisulfite, cy- 
anides oxidized with chlorine, the two 
wastes combined, the pH raised with 
lime, and the sludge settled in a Cycla- 
tor. Monaweck and Kelly (105) recom- 
mend mixing acid and alkaline wastes 
in a steam-coil heated, agitated tank to 
pH 4.8 to 9.2; they have tabulated 
quantities of acids and alkalies re- 
quired to bring a given waste water 
within this range. Parsons and Ru- 
dolfs (122) state that copper-pyro- 
phosphate baths are increasing in popu- 
larity; the baths are rarely discarded, 
but a typical rinse water might contain 
30 p.p.m. Cu, 200 p.p.m. pyrophosphate, 
15 p.p.m. citrate, 10 p.p.m. NO,, and 
1.5 p.p.m. NH,. High-cealecium lime 
was found to be the best and most eco- 
nomical precipitating agent. Lime was 
mixed with rinse water for 5 min. and 
settled 1 hr. ; under these conditions the 
sludge occupied 10 to 15 per cent of the 
original volume. The sludge concen- 
trates, after 24-hr. settling, to 50 to 70 
gal. per gallon of waste. Centrifuga- 
tion reduces this volume to 10 to 15 
gal. The sludge can be dewatered on 
vacuum or pressure filters if lime is 
used as a conditioning agent. Total 
material cost for removing 97 per cent 
of the copper and leaving no more than 
1 p.p.m. unprecipitated, including 
sludge conditioning, is less than 3.5¢ 
per 1,000 gal. of waste. 

Allowable limits for chromium in 
drinking water were reviewed by 
Davids and Lieber (40). They re- 


ported a ground-water survey which 
disclosed up to 40 p.p.m. of chromium 
originating from anodizing baths at 
aircraft manufacturing plants. All 
sources of this pollution were removed 
by installing copperas and lime treat- 
ment. 


The history of pollution in the 
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Naugatuck River (Conn.) was out- 
lined by Mitchell, Cassanos, and Okun 
(103). A brief but intensive survey 
revealed copper and chromium in waste 
water far in excess of amounts known 
to interfere with sewage sludge di- 
gestion. Vogel and Bloodgood (154) 
surveyed the literature on toxicity of 
cyanogen compounds, reporting the 
minimum lethal dose of HCN for 
humans to be 50 to 60 mg. if taken 
at one time, but temporary drinking 
of water containing up to 18 mg. could 
be tolerated; 0.3 p.p.m. NaCN did not 
affect minnows in 24 hr., but 0.5 p.p.m. 
caused 25 per cent mortality and 0.75 
p-p.m. 50 per cent. Trout died in 47 
min. in water containing 2.0 p.p.m. 
NaCN. All plankton died in 30 min. 
in water containing 200 p.p.m. KCN, 
but some expired in the same time at a 
concentration of 40 p.p.m. 
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RADIOACTIVITY 
The Problem 


In a preliminary report (31) on the 
industrial utilization of fission product 
(a waste from the operation of nuclear 
reactors) the Stanford Research Insti- 
tute states that ‘‘the U. S. Atomic En- 
ergy Commission produces vast quanti- 
ties—as by-products of plutonium pro- 
duction.’’ Most of the products are 
stored underground in large concrete 
vaults and the Atomic Energy Com- 
mission has asked the Stanford group 
to study potential industrial applica- 
tions. The radiation characteristics and 
yield of 15 of the radioactive isotopes 
in fission product are tabulated. The 
potential uses for killing organisms, 
controlling biological reproduction, 
artificial aging of foods, and causing 
chemical catalytical effects, polymeri- 
zation, oxidation, and halogenation are 
briefly discussed. ‘‘More than enough 
fission products are in storage and af- 
ter processing could supply potential 
users with 10,000- and even 100,000- 
curie quantities.’’ 

The rapid growth of the industry 
and present sources of wastes were 
discussed by Murdock (65), Straub 
(84), and Emlet (25). Isotopes (1), 
a new publication containing informa- 
tion relative to sources, characteristics, 
and availability of radioactive ele- 
ments, was approved for publication 
April 11, 1951. 
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The problem of radioactive waste dis- 
posal was reviewed (94) (32) (33) (83) 
(8). Wolman and Gorman (94) con- 
cluded that the future growth of the 
atomic energy industry may well hinge 
on its ability to find increasingly effec- 
tive and reasonably economical meth- 
ods of disposal of its hazardous waste 
products. 

The areas of existing and proposed 
Atomic Energy Commission facilities 
were located geographically and Atomic 
Energy Commission sponsored pro- 
grams of research and development in 
waste disposal and environmental sani- 
tation at a dozen centers were outlined 
by Gorman (32(33), while the total ac- 
tivities of the Atomic Energy Commis- 
sion program were outlined elsewhere 
(2). 

The decay of gross fission product 
from the simultaneous slow fission of 
uranium*** and the relative abundance 
of radioactive elements at any given 
time after fission from 10 see. to 100 
yr. were recalculated by Hunter and 
3allou (41) from the most recent in- 
formation available. The decay rate 
is extremely rapid at first and much 
slower as the product ages. With the 
passage of time any particular radio- 
active isotope assumes greater promi- 
nence until the growth of daughter iso- 
topes overshadow it. Thus, with age, 
there is a succession of radioactive ele- 
ments of different chemical behavior. 
In the age span of several months to 
100 yr., columbium, cerium, cesium, 
strontium, yttrium, ruthenium, rheni- 
um, barium, lanthanum, praseodymi- 
um, and zirconium may be found. 

The yield of fission product elements 
is somewhat different for the fission of 
thorium*** (92), according to radio- 
chemical procedures similar to those 
developed by the Manhattan Project 
(15). 


Radiation Safety 


The International Commission on 
Radiological Protection adopted new 
radiation safety standards with more 
rigid criteria (44) (45) (46) (47). The 
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maximum permissible surface exposure 
of the whole body to x-ray and gamma 
radiation was reduced by one-half to 
0.5 r. per week. This roughly corre- 
sponds to 0.3 r. per week when meas- 
ured in free air. In the case of high- 
energy beta rays, the maximum permis- 
sible exposure to the surface of the 
body in any one week shall not be more 
than the equivalent energy of 1.5 r. of 
gamma rays. In the case of fast neu- 
trons, the maximum permissible energy 
absorption should not be greater than 
one-tenth of that permitted for high- 
energy gamma radiation. 

The International Commission on 
Radiation Protection was not ‘‘in a 
position to make firm recommendations 
regarding the maximum permissible 
amounts of radioactive isotopes that 
may be taken into or retained in the 
body.’’ However, the above radiation 
safety standard (44) (45) was used to 
caleulate a reasonable maximum per- 
missible value for some of the more im- 
portant radioactive isotopes. Values 
were calculated for both air and liquid 
media. The values given for liquid 
media in micro-microcurie per milli- 
liter are: 0.04 for radium***, 0.8 for 
strontium® plus yttrium®’, 1.5 for plu- 
tonium***, 1.6 for strontium®’, 10 for 
cobalt®, 30 for iodine’, 200 for phos- 
phorus**, 800 for sodium** and 400,000 
for tritium (44) (46). 

The responsibilities and activities of 
the Subcommittee on Waste Disposal 
and Decontamination of the National 
Committee on Radiation Protection 
were reviewed by Jensen (48). The 
major isotopes shipped by the Atomie 
Energy Commission were considered 
of greatest importance. In order, these 
isotopes were: I'*', Fe55, Fes, 
Na*‘, and K**?. Research 
should be directed to biological recon- 
centration studies and the movement 
of radioactive materials in soils. 

Because it was not realistic to insist 
on dilution of radioactive waste in 


sewage to the level established as per- 
missible in drinking water, the Sub- 
committee on 
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Decontamination of the National Com- 
mittee on Radiation Protection re- 
viewed the external and internal radia- 
tion hazard and recommended raising 
the maximum permissible level to be 
discharged in sewers (88) to: (a) a 
transient (maximum short-period) con- 
centration of 100 microcuries of either 
isotope per liter of sewage; (b) a single 
batch discharge of 10 millicuries; and 
(c) when a uniform discharge device 
is used, 100 millicuries of these isotopes 
may be discharged in any 6-hr. day- 
light period into a system having an 
average dry-weather flow of 1 m.g.d. 
Isotopic dilution was considered un- 
necessary. Restrictions on the total 
quantity of isotopes and advice on dis- 
posal practice were given in detail. 

The Subcommittee also released a 
comprehensive booklet (89) on the 
maximum permissible levels of radio- 
active contamination of the skin, 
clothing, laboratory tools and glass- 
ware, work tables, floors, ete.; pre- 
caution which should be taken in the 
safe handling of radioisotopes; emer- 
gency measures and procedures to be 
taken in case of laboratory accidents; 
and decontaminating methods. This 
booklet supplements the National Bu- 
reau of Standards Handbook No. 42 
on the ‘‘Safe Handling of Radioactive 
Isotopes.’’ 


Emergency Measures and 
Decontamination 


A basic disaster plan (61) in the 
event of atomic attack can do much to 
save lives and protect non-contami- 
nated personnel. This is a problem for 
the sanitary engineer. The general pic- 
ture of types of radiation to be con- 
cerned with, their consequences, toler- 
ance limits, and a 10-point check-off 
list evaluating the vulnerability of wa- 
ter supply systems to attack were de- 
scribed. 

An effective disaster plan will re- 
quire personnel familiar with the basic 
concepts of health physies (3), radia- 
tion monitoring (35), instrumentation, 
and decontamination. 
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The practical aspects of radioactiv- 
ity instruments concerning construc- 
tion (24), testing, and servicing (55), 
and calibration (60) of portable 
meters, ionization chambers, G—M 
tubes, proportional counting chambers, 
scintillation counters, and associated 
electronic assemblies, were reviewed. 

Concerning surface decontamina- 
tion, various types of surfaces from 
which radioactive material would be 
easily removed were studied (74) (22) 
(93). According to Ross (74) smooth, 
non-porous and nonionic surfaces re- 
sistant to corrosion by acids, alkalies, 
solvents, and heat should be employed 
and decontaminated with suitable de- 
tergents. The Naval Radiological De- 
fense Laboratory (93) listed the ad- 
vantages and disadvantages of various 
agents and techniques for decontami- 
nating solid surfaces. The liberal use 
of water for preflushing and rinsing 
off acids, detergents, and complexing 
agents made the methods particularly 
applicable for ship decontamination on 
the high seas, where the disposal of 
contaminated wash and flush waters is 
of minor importance. 

Concerning water contamination, an 
estimation of the 10-day and 30-day 
emergency levels of radioactivity in 
drinking water can be made with the 
relatively inexpensive beta-gamma sur- 
vey-type meters used in area monitor- 
ing. Hursh, Zizzo, and Dahl (43) pre- 
sented techniques of procedure and 
calibration whereby each of the 9 dif- 
ferent survey meters tested were found 
satisfactory for detecting 1 to 90 micro- 
euries of phosphorus* per liter of wa- 
ter. One satisfactory technique con- 
sisted of pouring the water to a depth 
of 1 in. in a metal salve box about 4 
in. in diameter, placing the sensitive 
part of a G—M tube at a fixed distance 
above the surface and observing the 
reading on the meter, which previously 
had been calibrated in terms of micro- 
euries of radioactivity per liter. Ac- 
tivities much less than 1 microcurie per 
liter can be estimated with survey 
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meters if the water sample is first 
evaporated to dryness. 

Lauderdale and Emmons (56) (57) 
reported on an emergency water decon- 
tamination system. Two glass-tube col- 
umns, each 26 in. in length and having 
a capacity of approximately 225 ml., 
were filled with various absorbents and 
used to remove radioactivity from 
drinking water. The water was con- 
taminated with 2.5 microcuries of 60- 
hr.-old fission product per milliliter of 
Clinch River (Tenn.) tap water ad- 
justed to pH 7.5, and passed at rates 
up to 5.0 g.p.m. per sq. ft. through 
successive beds of 15 in. of 0-grade steel 
wool, 8 in. of burnt clay, 3 in. of acti- 
vated carbon, and, finally, 26 in. of 
mixed bed anion-cation exchange resin. 
Using an effluent radioactivity of 0.1 
microcurie per liter as a criterion of 
satisfactory performance, it was found 
that: (a) 26 in. of mixed bed resin 
column used alone delivered 3 1., or 12 
volumes, before the effluent was un- 
satisfactory; and (b) the combination 
of 26 in. of mixed absorbents followed 
by 26 in. of mixed bed ion exchanger 
delivered 28 1., or 50 volumes, before 
the effluent was unsatisfactory. 

The activity was eluted separately 
from each absorbent and subjected to 
radiochemical analysis. It was found 
that the bulk of the ruthenium, zir- 
conium, strontium, cerium, cesium, 
niobium, tellurium, and rare earths was 
removed by the steel wool. A rela- 
tively high fraction of the activity 
found in the burnt clay was cesium, 
strontium, and rare earths. Most of the 
activity in the cation exchanger was 
strontium. Most of the activity in the 
anion exchanger was also strontium 
and some tellurium. 

The ability of various exchange res- 
ins to remove the radioactivity of spe- 
cifie isotopes at concentrations of 1,000 
to 2,000 counts per minute per ml. of 
various solutions was tested (49). One 
of the purposes of these investigations 
was to develop a laboratory waste dis- 
posal unit consisting of a cartridge 
containing ion exchange resins. 
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A sample container was constructed 
(50) that enables the determination of 
the radioactivity of a liquid flowing 
through it. The unit consists of a 
G-M tube mounted on a thin window 
face of the container. 


Waste Treatment 


The general application of various 
methods of waste treatment were dis- 
eussed by Straub (84)(85), Rodger 
(71) (72), Newell and Christenson (66), 
and Ruchhoft (75). Ion-exchange (6) 
and evaporation (64) methods were ap- 
plied to the Knolls Atomic Power lab- 
oratory wastes according to Ayres and 
McCullough, respectively. Carbonate 
precipitation and double sedimentation 
was used on the Harwell Laboratory 
Wastes (4). The laboratory waste 
treatment by sedimentation, dilution, 
and dispersion at the Oak Ridge Na- 
tional Laboratory has been changed to 
that of concentration by evaporation 
and storage of residues, according to 
Browder (10). Following laboratory 
research on chemical precipitation and 
biological treatment by activated 
sludge (76) and trickling filter (67) 
(11), Newell and Christenson (68) re- 
ported plant operating results using 
dual chemical coagulation and _ sedi- 
mentation and then sand filtration for 
process wastes and high-rate trickling 
filter treatment for laundry wastes. 
The process waste plutonium content 
was reduced from 200 to 25,000 counts 
per minute per liter of influent to 20 
to 200 ¢.p.m. per liter of filtered efflu- 
ent. 

Comprehensive data on the equip- 
ment, engineering, and costs of radio- 
active waste disposal for the Argonne 
National Laboratories were reported by 
Rogers and Fineman (73). Radio- 
active gases are filtered through a fiber- 
glass prefilter and a paper-asbestos 
final filter before discharging the de- 
contaminated gases to the atmosphere. 
Stack gases from the incineration of 
combustibles first pass through three 
gas scrubbers before filtration. The 
liquid wastes are handled in one of 
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three ways. Very active process wastes 
are neutralized with lime, mixed with 
Portland cement, hardened, and 
shipped to a final storage area. Dilute 
wastes are collected in 1,500-gal. glass- 
lined retention tanks and monitored. 
If the radioactivity is sufficiently low, 
it is discharged to an outfall sewer, 
where it is diluted with 0.4 m.g.d. of 
sanitary sewage. About 80 per cent 
of the liquid wastes may be discharged 
without treatment. If the level of 
radioactivity of the retention tank 
waste is greater than the maximum per- 
missible for discharge it is pumped 
into a tank truck and hauled to hold- 
ing tanks for evaporation or ion ex- 
change treatment. Sealing and foam- 
ing troubles in the evaporator have 
been eliminated by operating with an 
acidic feed. Wastes with 0.08 per cent 
solids are evaporated to 45 per cent 
solids. The beta activity of the con- 
densate did not exceed 7 X 10-* micro- 
curie per liter. The evaporator bottoms 
are dried in a small stainless steel twin- 
drum vacuum dryer and the residue 
is packaged for shipment and final 
storage. Studies are in progress on the 
use of resin ion exchangers for decon- 
taminating some low level radioactive 
wastes, rather than using the evapora- 
tion technique. 

By simple evaporation, followed by 
de-entrainment by means of a fiber- 
glass filter, a decontamination factor 
(influent concentration/effluent con- 
centration) of at least 10,000,000 was 
achieved for nonvolatile fission product 
waste solutions (59) from the Brook- 
haven National Laboratory. 

The removal of radioactive contami- 
nants was studied by Straub eft al. 
(86) in a 250-¢.p.d. experimental rapid 
sand filter plant and by means of Jar 
tests. Tap water containing about 100 
p.p.m. turbidity added as clay slurry 
was used as raw water and to this was 
added P**, I'*!, or simulated mixed fis- 
sion product. The raw water was co- 
agulated with 0.65 grains per gallon 
alum and 0.24 grains per gallon NaOH. 
Coagulation and sedimentation effected 
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a removal of 85 per cent of P** and 46 
per cent mixed fission product. The 
over-all removal by coagulation, sedi- 
mentation, and sand filtration was 96 
to 98 per cent for P*’, less than 0.4 per 
cent for I'**, and 70 to 73 per cent for 
mixed fission product. Jar tests indi- 
cated wide variation of removals, de- 
pending on kind and amounts of re- 
agents used. Na,CO, gave better re- 
moval for Y*' than NaOH. According 
to Lauderdale (58), and the Morton- 
Placak Group (87) (26), phosphate and 
lime treatment for di- and tri-valent 
cations was quite effective at a pH 
greater than 11.38. High removals of 
Ce** and Sr*® were also obtained by 
passage through a column of burnt 
clay. 

Laboratory studies on the fate of 
Na** and Co® as cations, of I'*! and 
Br* as halides, and P** as phosphate in 
sewage treatment by plain sedimenta- 
tion, trickling filters, and activated 
sludge, were reported by Belcher (7). 
The sewage was dosed with 0.5 to 50 
microcuries of isotopes per liter. Re- 
movals by plain sedimentation were 
small (1 to 5 per cent) for all isotopes. 
Removal of I'*', Br®?, and Na** by either 
trickling filters or activated sludge was 
also small (3 to 20 per cent), whereas 
removal of P** and Co® by secondary 
treatment was greater (77 to 88 per 
cent). The dosing of a trickling filter 
with 100 microcuries of P** per liter of 
settled sewage for 24 hr. failed to pro- 
duce radiation effects that significantly 
altered the effluent indices—B.O.D., 
NH,-N, NO,-N, NO,-N, or oxygen ab- 
sorbed values. 

According to Grune and Eliassen 
(37), radioactive phosphorus, when 
present in concentrations at or below 
10 millicuries per liter, exerted no sig- 
nificant effect on the first-stage B.O.D. 
of sewage. 

In laboratory studies at the Massa- 
chusetts Institute of Technology (23), 
simulated natural surface waters con- 
taminated with I'*!, P**, or Sr*® were 
treated similar to conventional water 
treatment processes, using alum, ferric 


2 
| 
| 
| 
| 
| 
| 
| 
| 


Vol. 24, No. 5 


sulfate, lime-soda, or lime-phosphate 
coagulants. The success of treatment 
depended on the raw-water quality, the 
radioactive contaminant, and the treat- 
ment process used. More than 99 per 
cent of the strontium was removed by 
the lime-soda softening or the phos- 
phate-lime coagulation process. 

After examining the amounts of 
and phosphorous*? distributed 
to large centers of population in the 
United States, it was coneluded by 
Ruchhoft and Feitelberg (77) that the 
probability seemed remote that any one 
hospital would discharge regularly as 
much as 200 millicuries of waste per 
day into the sewage of a large city. 
At this rate, the dilution needed to 
reduce the activity to safe limits was no 
major problem. <A simple, constant- 
level, fixed-orifice device for discharg- 
ing liquid wastes to the sewer at a uni- 
form rate, as suggested in the National 
Bureau of Standards Handbook No. 
49 (88), was recommended for pre- 
venting excessive concentrations in the 
sewers. Calculations indicated that the 
hazard from sewage plant fertilizer 
would be quite remote. For example, 
the radioactivity of the filter cake fer- 
tilizer from digested sludge produced 
in a 12.5-m.g.d. primary sewage plant 
might be as much as 0.25 microcurie 
per kilogram only if the sewage flow 
received a daily discharge of 1,000 
millicuries of iodine™?, 


Incineration and the Stack 
Gas Problem 


A radioactive waste incinerator for 
contaminated combustibles was de- 
signed (5) following experimental 
work on the choice of serubbing solu- 
tion and the efficiency of various meth- 
ods of dust collection. 

Radioactive particulate matter in the 
stack gases from the incineration of ¢on- 
taminated combustible wastes was 
experimentally decontaminated by 
Schauer (80). High efficiency of de- 
contamination was obtained by intro- 
ducing the gas stream into a steam 
exhauster. Condensing water droplets 
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increased the size of particulate matter, 
which then could be removed by con- 
ventional gas-scrubbing equipment. 

It was found that, in the inciner- 
ation of combustible laboratory wastes 
containing radioisotopes, the fluxing of 
the radioactive residues with molten 
NaOH was a safe means of disposal 
(13). 

A comprehensive two-volume report 
(9) on the experimental studies con- 
ducted with three types of glass fiber 
for decontaminating radioactive aero- 
sols was released. 


Biological Effects 


A survey was made of the radio- 
activity of fish collected from fresh 
water which received radioactive in- 
dustrial wastes (51). Fish collections 
were made from White Oak Lake and 
three embayments of the TVA Watts 
Bar Reservoir on the Clinch River 0.2, 
2.5, and 8 mi. below White Oak Dam. 
Samples of flesh, bone, and scales were 
assayed for radioactivity (52). In 
general, the bone was more radioactive 
than the flesh by a factor of 7 to 10 and 
the scales were more radioactive than 
the flesh by a factor of 10 to 20 on a 
unit weight basis at each collection 
point. In general, the flesh of the 
White Oak Lake fish was roughly 10 
times as radioactive as the flesh of the 
radioactive specimens just below the 
dam, 40 times as radioactive as the 
flesh of the radioactive specimens found 
2.5 mi. downstream, and 50 times as 
radioactive as the flesh of the radiv- 
active specimens found 8 mi. down- 
stream. However, only the most radio- 
active specimens at the lower collection 
stations, representing less than 10 per 
cent of the total catch, were assayed. 
Radiochemical analysis indicated that, 
of the radioactivity in the flesh, 96.8 
per cent was due to cesium*’, 1.7 per 
cent was due to strontium®® and stron- 
tium®’’, and 1.5 per cent was due to 
yttrium’’. The bone and scale radio- 
activity was largely strontium” and its 
daughter, yttrium®’. The human con- 
sumption of 2.5 to 10 oz. of flesh from 
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fish in the most radioactive water 
(White Oak Lake) contained sufficient 
strontium radioactivity to exceed the 
daily ‘‘maximum permissible’’ dosage. 
The health hazard from the ingestion 
of ‘bone or the solution of strontium 
from bone when fish is prepared for the 
table was not considered. 

From a laboratory investigation of 
the uptake of I'** by heterogeneous bac- 
terial slimes, Talboys (90) found there 
was little tendency for I'*! as the iodide 
to concentrate in the slimes of sewer 
drains. It was concluded that the 
resultant hazard to maintenance work- 
ers who may contact the contaminated 
slimes would be very low. 

Two groups of rats drank only nu- 
clear reactor cooling water effluent, ad- 
justed to either 3 or 300 micro-micro- 
curies of radioactivity per milliliter for 
periods of 200 to 500 days (89). 
Growth rate of the experimental rats 
was not affected by the radioactivity, 
and no histological changes were ob- 
served. In this group which drank the 
ereater concentration, the blood and 
kidneys usually had the highest spe- 
cific activity of about 20 micro-micro- 
euries of Na** and P* per gram. It 
was concluded that the hazard to mam- 
mals drinking Columbia River water 
containing diluted cooling water was 
negligible if the diet provided all the 
essential elements. 

A study of the urinary elimination 
of radioactivity following an incident 
in which an individual became con- 
taminated with strontium’ was _ re- 
ported (16) 


Natural (Background) Radioactivity 


The various components of back- 
ground radiation and the various 
naturally occurring radioactive sub- 
stances were described (17) in a semi- 
quantitative manner in connection with 
problems of radioactive waste disposal, 
ete. 

Water samples (source and tap) were 
collected from 18 cities in the western 
part of the United States and measured 
for radium content (42). The radium 
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content of the source water ranged 
from about 0.03 to 2.0 micro-micro- 
curies per liter and for the tap water 
from about 0.03 to 0.3 micro-micro- 
curies per liter. 

In an investigation of the radium 
content of common foods, the radium 
content of fresh, dried, and commer- 
cial powdered milk has been determined 
to be between 1 and 4 micro-micro- 
euries per kilogram of dried milk solids 
(79), or 0.1 to 0.033 as much as re- 
ported by Burkser et al.* 

Amounts of radioactivity reported in 
hot springs and spas throughout the 
world have been assembled on a geo- 
graphical basis (63). 

Radioactive clouds were investigated 
by airplane (30). The activity was re- 
ported in equivalents of radon. The 
maximum concentration found on June 
11, 1950, was 0.01 micro-microcuries per 
cubic meter at elevation 2,000 meters; 
on January 13, 1951, 0.03 at elevation 
4,000 meters; on February 3, 1951, 0.15 
at elevation 4,100 meters. The activity 
had a half life of 20 to 50 hr. On Feb- 
ruary 7, 1951, following precipitation, 
the atmosphere was essentially free of 
activity. The origin of active clouds 
(either from atomic explosion or by 
derivation from its products), the fall- 
out factor, and condensation nuclei 
were considered. 


Analytical Methods 


The radiochemical studies of the 
fission products by the plutonium proj- 
ect of the Manhattan District, con- 
sisting of 336 papers, were edited by 
Coryell and Sugarman (14). 

Detection methods available for the 
investigation of radiocolloids, the the- 
ory of their formation, nature, and ap- 
plications were reviewed (81). The 
results obtained by various investi- 
gators were summarized concerning the 
radiocolloidal behavior of Po, Bi, Pb, 
Th, Y, Zr, Nb, La, Np, Pu, Pa, Mg, Se, 
Sn, Ti, Ce, Be, and Ba. 


The radiochemistry of separating ['** 


* Biochem, Zeit., 211, 323 (1929). 
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and uranium from waste solution and 
the problems of absolute counting of 
alpha or beta radioactivity were con- 
sidered in detail (27). 

In determining radioactive iodine in 
fluid or tissue (70), the sample was 
treated with KMnO, and concentrated 
H.SO, and distilled. The iodine was 
collected in lithium arsenite solution 
and an aliquot evaporated for counting 
with an end-window counter. 

A simple process has been devised 
for the recovery of I'*' from the urine 
of treated patients (19). The proc- 
ess consists of AgNO, precipitation, 
followed by bromination of the resi- 
due to iodate, pH adjustment, and 
final purification by distillation if de- 
sired. 

Chemical techniques for sample 
preparation, construction, and opera- 
tion of an ionization chamber and 


electronic equipment were described 
by Hudgens et al. (40) for the de- 
termination of as little as 10-%* gram 
of radium per gram of sample from 


a measurement of the radon, which 
was allowed to grow into partial or 
total equilibrium with the radium. 

A method for determining  polo- 
nium in biological samples was de- 
eribed (78). The method consists of 
wet oxidation and_ coprecipitation 
with tellurium. The polonium is then 
separated from tellurium and depos- 
ited on one side of silver foil for 
counting. <A recovery of 85 per cent 
and a sensitivity of 1 micro-micro- 
curie from urine were reported. 

In separating and estimating one 
of the more hazardous radioactive fis- 
sion products, strontium, in water and 
urine, Mawson and Fischer (62) in- 
vestigated the methods of Tompkins, 
Farabee, and Khym (1949) and Kall- 
mann (1948), and proposed a modi- 
fication consisting of coprecipitation 
with calcium or other carriers as the 
oxalate (Sulkowitch reagent) at pH 
4.0. Recoveries of 70 to 100 per cent 
were obtained from 750 ml. of urine 
to which had been added 5 to 12 
counts per minute. 
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A relatively inexpensive apparatus 
for the simultaneous electroplating of 
up to 12 samples of material was 
deseribed (21). Various kinds of 
cathodes were listed and procedures 
for the determination of Cu, Ag, Zn, 
Hg, Fe, and Co were given. 

A method was described (36) for 
the recovery of 37-yr. cesium’ from 
alkaline waste solutions by cocrystal- 
lization with potassium aluminum sul- 
fate. 

Paper chromatography was used to 
separate inorganic radioactive ions, 
such as Fe from Co; Pb, Bi, and Po 
from each other; Mn from Zn; and Na 
from K (29). A Geiger tube was used 
to locate the chromatographed element 
and, by counting rate and decay, to 
determine the isotope and _ relative 
abundance. 

Fletcher (28) studied the factors in- 
volved in the ‘‘direct’’ fluorometric 
determination of uranium in the range 
of 0.005 to 0.08 micrograms of U. 
Reproducible results could be obtained 
by fusing at 650° C. for 25 min. using 
a carbonate-fluoride flux. Kolthoff and 
Johnson (53) determined UO,, Th, Zr, 
and Sn (IV) by titrating with m- 
nitrophenylarsoniec acid amperometri- 
eally. 


Instrumentation 


For monitoring the radioactivity in 
500-ml. samples of sewage at the Brook- 
haven National Laboratory by the 
evaporation method, Cowan and Ne- 
hemias (18) concluded that the mini- 
mum detectable amount for P** and C" 
was 16 and 180 micro-microcuries per 
liter. Using 200 ml. of sewage to mini- 
mize self-absorption, the minimum de- 
tectable amount of polonium alpha ac- 
tivity was 3.0 micro-microcuries per 
liter. 

A comparative study of the relative 
sensitivity of a thin mica end-window 
counter, a windowless G-M flow coun- 
ter, and a windowless proportional 
counter was made by Graf, Comar, and 
Whitney (34). Internal counters were 
found to be 3 to 30 times more sensi- 
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tive than end-window counters, de- 
pending on the energy of the 10 beta- 
emitting isotopes tested. Absorption 
data for 0 to 3 mg. per sq. em. were pre- 
sented for §*5, and Ca*®. 

For efficient counting in a G-M end- 
window counting set, Cook et al. (12) 
advise that the diameter of the sample 
on a tray be less than one-half the di- 
ameter of the end-window and placed a 
distanee from the window either not 
exceeding 0.1 the diameter of the win- 
dow or more than the diameter of the 
window. 

The development of a simple auto- 
matic sample changer which can be 
used with windowless gas flow counter 
tubes for the measurement of alpha or 
soft beta particles was described (69). 

A scintillation probe was developed 
(20) for counting alpha radioactivity 
and the self-absorption of beta radio- 
activity was evaluated by two dif- 
ferent methods (82). 

The alpha and beta activity of air 
was monitored continuously (54) by 
deposition of air dust on a strip of 
filter paper moving at the rate of about 
1 in. per hour across an aperture 
through which air was pumped. The 
strip of paper, after collection of the 
dust, passed in front of one or more 
counters. 

Taplin, Douglas, and Sanchez (91) 
have improved their two-phase chloro- 
form-dye indicator system for gamma 
radiation measurements by removing 
the alcohol preservative in the chloro- 
form and thereby gaining sensitivity to 
Within the 10- to 100-roentgen dosage 
range. By reducing the concentration 
of the dye and adjusting the pH closer 
to the yellow end point in alcohol-free 
systems, doses of one roentgen or less 
may be detected colorimetrically. The 
method is, however, wave length and 
temperature dependent. 

Grune and Klevin (38) deseribed the 
laboratory equipment and techniques 
used in studying the effeet of up to 10 
microcuries of P*? or I'** per milliliter 
of dilution water on the B.O.D. of 
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WATER POLLUTION 


Abatement and Control 


Numerous articles dealing with the 
general problem of abatement and con- 
trol of water pollution have appeared 
in the literature. Hedgepeth (120) 
reviews pollution abatement activities 
and states that cooperative efforts of 
industry, government, and others can 
produce a solution for the problems. 
Murdock (171) discusses the problem 
of conflicting interests of water users 
and concludes that it is the responsi- 
bility of the state to exercise its powers 
of legislation and enforcement to pro- 
tect the public health and safety. Hol- 
lis (130) briefly reviews the history, 
present status, and future require- 
ments of waste treatment and stream 
sanitation. The responsibilities of in- 
dustry in the accomplishment of stream 
pollution abatement are described by 
Cox (87). Nord (175) stresses the 
need for an educational approach to the 


problem of stream pollution and dis- 
cusses the psychology, technology, and 
economics of pollution abatement. 


Howson et al. (132) summarize the 
critical problem of water supply and 
stream pollution. The factors respon- 
sible for water shortage and the dis- 
posal of oil field brines, coal processing 
wastes, and mine acid are discussed. 
The authors present a comprehensive 
summary of water pollution control 
policy. A policy for pollution abate- 
ment is also discussed by Camp (82). 
The capacity of streams for self puri- 
fication and the contamination of 
ground water by industrial wastes are 
considered. Pugh (199) diseusses 
ground-water protection and controlled 
discharge of impounded flood waters. 
He briefly summarizes the research 
activities of the Institution of Water 
Engineers. 

The federal water pollution control 
program and recent and _ proposed 
legislation concerning pollution control 
are described by Pond (188). The 
status of water pollution abatement in 
the United States is summarized by 
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Hollis (129). He discusses the trend 
toward the organization of state water 
pollution control agencies including 
representation for all major interests. 
A national summary of water pollu- 
tion, the first of the Water Pollution 
Series being produced in compliance 
with the Water Pollution Control Act 
(Public Law 845, 80th Congress), by 
the Public Health Service, Division of 
Water Pollution Control, was published 
(189). Several articles discussing this 
report appeared in the literature (7) 
(23) (49). The report indicates that 
the construction of required new or 
improved waste treatment facilities for 
some 10,000 municipal and industrial 
sources of pollution will require the in- 
vestment of $9 to $12 billions over the 
next decade. Other reports in the 
Public Health Service Water Pollution 
Series which have been released are the 
summary reports for the following 
major drainage. basins: California 
Drainage Basins (193), Colorado Drain- 
age Basin (196), Great Basin Drainage 
Basin (192), Missouri River Drain- 
age Basin (191), New England Drain- 
age Basins (195), North Atlantic 
Drainage Basins (197), Pacific North- 
west Drainage Basins (194), and Ten- 
nessee River Drainage Basin (190). 
These cooperative state-federal reports 
present information as of July, 1950, 
concerning pollution being discharged 
to the streams of the basins, the dam- 
ages resulting from this pollution, the 
benefits which may accrue as a result 
of pollution prevention and abatement, 
the pollution prevention measures in 
effect, and the pollution prevention 
measures required. Of the several 
articles discussing these reports (4) 
(21) (82) (48) (203) (232), most elabo- 
rate on the reported number of waste 
treatment facilities required and the 
estimated costs of these facilities. 

The Third Annual Report of the 
Ohio River Valley Water Sanitation 
Commission (178) reviews the activi- 
ties of this 8-state commission and de- 
scribes the projects undertaken, the 
progress made, and the pollution abate- 
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ment objectives of the Commission. Of 
significance to all interstate commis- 
sions was a decision of the U. S. Su- 
preme Court which verified the con- 
stitutionality of this Compact, revers- 
ing an opinion by the West Virginia 
Court of Appeals that the agreement 
was in violation of the West Virginia 
Constitution (51). Articles dealing 
with activities of the Commission de- 
scribe the progress made in the munici- 
pal and industrial pollution abatement 
programs in the Ohio Basin (14) (29) 
(48). 

Vermont (59) and New Hampshire 
(52) have joined Connecticut, Massa- 
chusetts, New York, and Rhode Island 
as official members of the New England 
Water Control Commission. The Inter- 
state Sanitation Commission (New 
York, New Jersey, and Connecticut) 
has reported on its activities for 1950 
(136). The first phase of an Interstate 
Sanitation Commission investigation of 
the industrial waste problem along the 
1,500-mi. Connecticut, New York, and 
New Jersey coastline has been reported 
(39). It was disclosed that some 300 
industrial plants discharge a_ total 
waste load of more than 500 m.g.d., 
approximately one-fifth of this being 
discharged into recreational waters. 
Recent progress made on the Potomac 
River pollution abatement program is 
reported (37). 

Bacon (62) discusses California’s 
pollution control legislation defining 
areas of jurisdiction by state agencies. 
The organization of boards to apply 
this legislation and a tentative water 
quality criteria report are deseribed by 
Grayson (117). Favorable results for 
the first year of operation of Cali- 
fornia’s pollution control plan have 
been reported (26). The progress of 
the Water Pollution Control Board in 
the establishment of water quality 
standards for catchment areas, plains 
and valleys, and coastal areas is re- 
ported (42). A method for the analy- 


sis of waste problems to determine de- 
grees of waste treatment required is 
included. 
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The completion of treatment plans at 
Bridgeport and Waterbury, Conn., will 
bring to 90 per cent the portion of 
Connecticut’s sewage flow which is 
treated prior to discharge (13). It is 
estimated that these facilities will eut 
by more than 60 per cent the pollution 
of the state’s coastal and inland waters. 

The major points of interest in the 
development (9)(17) and enactment 
(20) of the North Carolina stream 
sanitation law by the state legislature 
are reported. The law provides for an 
8-man Stream Sanitation Committee, 
which is to operate under the jurisdic- 
tion of the State Board of Health. All 
bodies of water within the state wili 
be classified and a permit will be re- 
quired for new waste discharges. The 
appointment of six members of the 
North Carolina Stream Sanitation 
Committee is reported and that part 
of the law defining the powers and 
limitations of this Committee is dis- 
cussed (33). 

The Ohio legislature enacted a new 
pollution control law, to become oper- 
ative in September, 1952. The steps 
leading up to its passage and the pro- 
visions of the law have been sum- 
marized (31). Seven bills concerning 
stream classification were introduced 
in the New Hampshire legislature and 
six bills concerning a study of sewage 
and industrial wastes in streams of the 
state were introduced in the Massa- 
chusetts legislature (18). 

Activity by several states concerning 
the fight against pollution of water 
supplies is reviewed (25). This same 
article describes the Ohio State De- 
partmeht of Natural Resources survey 
of Lake Erie bathing beaches and re- 
ports that Pennsylvania has ordered a 
number of coal mine operators to sus- 
pend the discharge of acid mine waters 
into streams of the state. Gillenwater 
(116) discusses the problem of coal 
washery wastes in West Virginia and 
reviews means for abatement. The 
State of West Virginia is currently 
making a survey to determine the scope 
of this problem. 
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Thirty cities in Ohio, mostly in the 
Mahoning and Miami River valleys and 
the Lake Erie region, have been or- 
dered to begin activities for provision 
of sewage treatment facilities (34). 
The Virginia State Water Control 
Board ordered the city of Alexandria 
to provide treatment for its sewage dis- 
charged to the Potomae River (10). 
Following the reduction of pollution of 
the Schuylkill River by silt and coal 
fines, the Sanitary Water Board of 
Pennsylvania ordered municipalities 
discharging wastes to that river to 
increase their degree of sewage treat- 
ment (28). The Sanitary Water Board 
of Pennsylvania also acted concerning 
coal mine operators not complying with 
regulations on the discharge of acid 
mine wastes and initiated experiments 
to make the regulations more effective 
(35). 

The stream pollution control pro- 
gram of Tennessee is described by Far- 
rell (105), that of Texas by Smallhorst 


(215), and that of Wisconsin by Wis- 


niewski and Muegge (247). Bacon, 
DeMartini, and Harris (63) summarize 
the pollution control statutes of Ari- 
zona, California, Idaho, Montana, Ne- 
vada, Oregon, Utah, Washington, and 
Wyoming as they apply to the dis- 
charge of industrial wastes. 

Smith, Moody, and Leifee (219) 
summarize a legal study of court de- 
cisions on the use of the waters of a 
public stream. The trend in public opin- 
ion demanding more and more protec- 
tion for the riparian owners along pub- 
lic streams is reflected in the decisions 
of the courts. The need for uniform 
state pollution control laws and the 
model pollution control act by the Pub- 
lie Health Service are discussed in an 
editorial (58). The ‘‘Suggested State 
Water Pollution Control Act’’ was 
prepared by the Division of Water Pol- 
lution Control, Public Health Service, 
and critically reviewed by experts from 
state pollution control agencies (50). 
The Council of State Governments has 
endorsed the suggested act and recom- 
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mends it to the states for their favor- 
able consideration. 

The history of federal anti-pollution 
legislation, from the protection of navi- 
gation in 1886 to the comprehensive 
pollution control legislation of 1948, 
is reviewed by Murdock (167). Bab- 
bitt (61) reports that the administra- 
tion of stream pollution prevention pro- 
grams is in a state of flux throughout 
the country at the present time. 
Recent and contemplated changes in 
legislation concerning control pro- 
grams have prevented stabilization of 
administrative practices in many states. 

The text of the law, enacted in March 
1950, for the prevention of water pol- 
lution in Belgium has been reported 
(53). 

Progress in the abatement of pollu- 
tion of Puget Sound (27), in the 
sewage disposal program in Allegheny 
County, Pa. (19), and in the construe- 
tion of sewerage and treatment facili- 
ties for Covington, Ky., and surround- 
ing communities (57) is reported. 
Progress on the silt removal project on 
the Schuylkill River, Pa., on the pol- 
lution abatement program for the 
upper Wisconsin River, Wis., and on 
the construction of sewage projects in 
Illinois are reviewed (22). 

Hammann (119) describes the pro- 
cedure and equipment used in the in- 
terim disinfection through chlorination 
of mixed domestic and industrial wastes 
being discharged while new treatment 
facilities are being constructed for the 
Blackstone Valley Sewer District in 
Rhode Island. 

A steady decrease during the past 
20 years in turbidity of Chattahoochee 
River waters above the Atlanta, Ga., 
water supply intake is reported (12). 
This improvement is credited to better 
land use practices in the watershed 
area. 

The need for efficient operation of 
sewage treatment plants discharging 
effluents into surface waters is empha- 
sized by Heuvelen (125). 

Sewage plant effluent from 42 Cali- 
fornia cities and towns is now being 
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used as irrigation water (40). Plans 
are also being formulated for the use 
of activated sludge effluent as indus- 
trial water and for the recharging of 
ground-water strata. 

The report by the International 
Joint Commission on the pollution of 
boundary waters has been approved 
by the Governments of the United 
States and Canada. Certain of the 
recommendations contained in the re- 
port and a cost breakdown for the $127, 
000,000 abatement program are re- 
ported (36). 

Four task groups of the National 
Technical Task Committee on Indus- 
trial Wastes reported definite progress 
toward the more effective control of 
wastes (8)(16). The four groups re- 
porting represented food industries, 
mineral products industries, chemical 
process industries, and general indus- 
tries. 

Some of the important topics dis- 
cussed at the Sixth Annual Industrial 
Waste Conference at Purdue Univer- 
sity are reviewed (15). One suggestion 
offered at this meeting was that pol- 
luters help finance waste research by 
means of fees for permits to discharge 
wastes. 

The decreasing adequacy of water 
supplies and the increasing amounts of 
wastes have led to more critical evalu- 
ations of industrial effluents. One 
article lists a number of examples of 
successful recovery of by-products 
from wastes (5). The activity has re- 
sulted in the conservation of water, a 
decrease in pollution, and less economic 
loss. 

The general problem of controlling 
the pollution of streams by industrial 
wastes is discussed by Steel (223) with 
reference to the work of the Public 
Health Service. Physical, chemical, 
and biological pollution by industrial 
wastes are discussed, and methods of 
waste treatment are reviewed, in arti- 
cles by Reignier (204), Nord (176), 
and Ford (109). Miller (159) de- 
scribes the problems in waste disposal 
brought about by the wide dispersal of 
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industry in Indiana. The general 
problem of stream pollution by the 
textile industry in New England is 
diseussed by McCarthy (157). He 
states that, in general, textile wastes 
may be treated satisfactorily on trick- 
ling filters. Hedgepeth (121) em- 
phasizes that to control the pollution 
of streams by industrial wastes, no set 
of rules is universally applicable; each 
case must be considered as an individ- 
ual problem. 

Soet (220), York (255), and Rad- 
cliffe (201) discuss the relationship be- 
tween air pollution and water pollu- 
tion. Only during the past few years 
has the general public become aware of 
the problem of air pollution. The 
economical control of some types of 
air pollution is not now possible and 
much research is needed in the field. 

The importance of adapting treat- 
ment and disposal of industrial wastes 
to the capacities of the surface streams 
into which they are being discharged 
is stressed by Mohlman (160). He also 
considers some of the methods used for 
the treatment of trade wastes. Jacobs 
(137) suggests that consideration of 
the receiving stream may indicate that 
it has adequate capacity to assimilate 
an anticipated waste load without ad- 
verse effects. If waste treatment is 
indicated, however, he suggests that 
only treatment sufficient to permit the 
stream to meet the requisites set for it 
should be provided. 

Hedgepeth (122) discusses the per- 
plexing problem of wastes which do 
not respond to known treatment. He 
outlines four fundamental concepts 
which'must be considered in pollution 
prevention: (a) proper plant location ; 
(b) manufacturing process selection; 
(ec) manufacturing process control; 
and (d) treatment of effluents to make 
them safe for stream assimilation. 

The effects on streams and sewage 
treatment plants of waste fiber from 
paper mills is discussed by Nemerow 
(173). He points out that fiber losses 
at some plants may be as great as 25 
per cent and suggests means of re- 
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ducing this loss. Two pulp mills, or- 
dered to discontinue waste disposal 
practices leading to the pollution of 
Puget Sound, reached an interim agree- 
ment with the Washington State Pollu- 
tion Control Commission by providing 
a pipeline for the discharge of their 
wastes at a point 300 ft. deep and 
4.000 ft. offshore in the Sound (11) 
(41). 

The problem of stream pollution as 
it affects the tanning and leather in- 
dustry is Thorstensen 
231). The effects of tannery effluents 
on the receiving stream are described 
and methods for the treatment of these 
wastes are suggested by Bergamin 
(68). Vrijburg discusses the 
problem of disposal of waste acid and 
wash water from metal pickling proc- 
Dougan and Bell (101) report 
significant pollution reduction through 
treatment of wastes from a synthetic 
rubber plant. 

Process modifications to reduce waste 


discussed by 


(238) 


CSSCS, 


volumes from a large synthetic organic 
chemicals plant and the treatment ap- 
pled to these wastes are described by 
Lyon (155). MeCracken (158) reports 
the abatement of pollution brought 


about by the discharge of oxygen-con- 
suming wastes from a chemical plant. 
Abatement was accomplished through 
process changes alone, no waste treat- 
ment being needed to restore the stream 


Murdock 

170) reports that the elimination of 
obnoxious constituents from the waste 
of a dyeing operation improved the 
quality of the effluent from a textile 
manufacturing plant sufficiently to per- 
mit assimilation by the receiving stream. 
The alleviation of a local stream _pol- 
lution problem by applying the calcium 
hypochlorite process for the treatment 
of wool scouring waste is described by 
Cameron (81 Ile reports that under 
optimum conditions a B.O.D. reduction 
of 90 per cent can be attained. 

The du Pont Company’s policy of 
providing for waste treatment facili- 
ties in all new plant construction is 
discussed by De Ropp (97). Treat- 
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ment facilities for all wastes are being 
incorporated in the construction of the 
company’s new nylon intermediates 
plant in Victoria, Tex. 

The British River Boards Act, 1948, 
is discussed by Mosley (163) and by 
Savage (209). Hobday and Southgate 
(127) discuss legal and technical as- 
pects of some stream pollution preven- 
tion measures with reference to the 
powers of the River Boards. The more 
recent Rivers (Prevention of Pollu- 
tion) Bill equips the River Boards, 
created by the 1948 Act, with adequate 
legal powers and clears the way for 
the rehabilitation of England’s streams 
(46). 

In contrast to the lag in the con- 
struction of waste treatment facilities 
in England, research in the fields of 
sewage and industrial wastes treat- 
ment has been active, and the revision 
of the Ministry of Health ‘‘Standard 
Methods’”’ for analysis is being accom- 
plished by a joint committee of in- 
terested bodies (44). Industry and 
government are cooperating in pro- 
viding information necessary to deal 
with the problems of industrial efflu- 
ents (45). Garner (115) reviews the 
general progress in research, analytical 
methods, and pollution prevention for 
the period since 1922. 

The condition of the River Ribble and 
its tributaries is discussed in the an- 
nual report of the Ribble Board of 
Conservators (54). Specific instances 
of pollution are cited. 

The problems encountered in the dis- 
charge of wastes to the sea through 
submarine outfalls in Holland are dis- 
cussed by Hopmans (131). Unfavor- 
able winds and sea currents cause pol- 
lution of beaches, even though outfalls 
are submerged at distances of 1 to 2 
mi. at sea. A method of calculation to 
determine whether wastes may be satis- 
factorily disposed of by discharge to 
estuaries is proposed. 


Bacteriology 
The 


Commission 


River Water Sanitation 
(38) adopted bacterial 
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quality objectives for the Ohio River. 
For domestic use the limit is 5,000 
coliforms per 100 ml. (monthly arith- 
metical average M.P.N.) in any month. 
The limit must not be exceeded in more 
than 20 per cent of samples examined 
per month, nor should a count of 20,- 
000 per 100 ml. be exceeded in more 
than 5 per cent of samples. 

Results of a survey of streams and 
bathing beaches at Cleveland (96) in 
1949 showed the pollution substantially 
higher than when previously deter- 
mined in 1939 to 1941. Pollution of 
the lake water is increasing and is 
derived from storm-water overflows 
and heavily polluted streams. 

Subrahmanyan and Bhaskaran (229) 
have reported the results of experi- 
ments to determine the extent of pol- 
lution diffusing from bored latrines. 
The distance pollution travels from 
bored latrines to ground waters de- 
pends mainly on the velocity of ground- 
water flow. The velocity of flow de- 
pends largely on the soil structure, 
but also on the gradient of the water- 
table. The safe distance between a 
borehole latrine or leaching cess pit 
and a ground-water source may be 
taken as the distance represented by 
about & days travel of the ground 
water. 

The longevity of coliform organisms, 
Salmonella typhosa, and enterococei in 
soil is prolonged with an increase in 
organic content of the soil, as found 
by Mallmann and Litsky (156). Coli- 
form organisms persisted in soil for 
long periods, enterococci died out 
rapidly, and virulent typhoid bacilli 
died out more rapidly than enterococci. 
The only organisms, other than the 
coliforms, found in sewage that could 
be used as indicators of fecal contam- 
ination were the enterococei. 

Akerlindh (2) investigated the hy- 
pothesis that there is a proportionality 
between bacterial pollution entering a 
stream and the resulting bacterial 
density at continuous pollution. His 
results showed that with only a single 
dosage of pollution there was a pro- 
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portionality between the added number 
of bacteria and the residual bacterial 
density remaining after various periods 
of incubation up to 72 hr. Similar re- 
sults were obtained from continuous 
feeding experiments. 

Following the chlorination of settled 
sewage Heukelekian (124) found that: 
(a) there is a significant increase in 
the number of coliform organisms when 
the chlorinated sewage is diluted with 
unpolluted waters (that is, stream or 
distilled water); (b) the inerease is 
greater in higher concentrations of 
sewage; (c) the increase is greater 
when sewage is chlorinated to a higher 
residual than with lower residuals; and 
(d) there is no material increase in 
coliform organisms when ehlorinated 
sewage is diluted with sea water. 

Weiss (244) demonstrated that tur- 
bidities usually encountered in natural 
waters affect the EF. coli content by 
adsorption of the bacteria on the par- 
ticulate matter. The degree of ad- 
sorption is characteristic of the origin 
and particle size of the silt. Adsorp- 
tion to silt particles increases the rate 
of sedimentation of bacterial cells. 
Diluted sea water increases the rate 
of flocculation of silts. 

It has been shown by Tubiash (235) 
that nitrate and nitrite ions in very 
small amounts exert an inhibitory effect 
on the production of gas from lactose 
broth by members of the coliform 
group. Anaerogenie levels range from 
30 p.p.m. to 60 p.p.m. nitrate or nitrite 
nitrogen against representative strains 
of E. coli. A. aerogencs is able to pro- 
duce gas from lactose broth in the 
presence of slightly greater nitrogen 
levels, whereas A. cloacae appears more 
sensitive to the presence of these ions. 
Nitrates in drinking water at levels 
which occur not infrequently may be 
responsible for bacteriologically false- 
negative reports for the presence of the 
coliform group. 

Clark et al. (85) have shown that 
examinations of water by procedures 
using the membrane filter give results 
comparable to the coliform M.P.N. of 
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Standard Methods ‘‘confirmed test’’ 
and to the ‘‘agar plate count’’ of 
Standard Methods. The filtration 
method has a marked advantage over 
the standard plate count method for 
the enumeration of bacteria in samples 
of low bacterial density. It is recom- 
mended for the counting of bacteria 
in relatively clear waters with high or 
low bacterial densities and in turbid 
waters of high bacterial populations. 
Using a modified Endo broth the mem- 
brane filter procedure has the ad- 
vantage of large samples, minimum 
time for testing (16 to 18 hr.), and 
marked reduction in labor, equipment, 
space, and material. A method for the 
rapid isolation of S. typhosa from 
large samples is also described. 

The results of bacteriological analysis 
of water supplies for farms and cream- 
eries in Wales has been discussed by 
Franklin and (111). There 
is a clese correlation between the pre- 
sumptive coliform content and the 
presence of milk-souring organisms, 
although 30 per cent of the samples 
containing no coliform organisms con- 
tained other types of milk-souring bac- 
teria. Few samples of water containing 
large numbers of coliform organisms 
did not cause active fermentation of 
milk. This indieates that the coliform 
test can be used as an indication of 
the suitability of a water supply for 
dairy purposes. 

Laurell and Lofstrom (146) have 
described an epidemiological investi- 
gation of epidemic hepatitis in a small 
community of Sweden in 1945 to 1947. 
Fifty-six cases of the disease occurred. 
Good evidence was obtained that the 
water supply was the source of infec- 
tion. 

When sewage from three tuberculosis 
sanatoria was examined by Vahlne 
(237), virulent tubercle bacilli could 
regularly be recovered by guinea pig 
inoculation. The sewage from one of 
the sanatoria was treated in contact 
beds, from the other two only in sedi- 
mentation tanks. In rivers receiving 
sewage from these sanatoria virulent 
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tubercle bacteria could be found as far 
down stream as 2,000 m. from the out- 
flow of the sewage. 


Biology 


Huet (133) discusses the pollution of 
water by dissolved and suspended mat- 
ter; the effects of pollution on aquatic 
life, especially fish; and the physi- 
eal, chemical, and biological examina- 
tion of water. Biological analysis is 
based on the knowledge that various 
types of pollution often stimulate the 
growth of characteristic organisms. 
Liebmann (150) believes that when 
organisms are used as indicators of 
water quality, the whole biological 
community must be considered. The 
presence or absence of many species is 
used to classify water into four major 
quality groups. The effects of pollu- 
tion by sewage, industrial wastes, and 
silt on the productivity and recreational 
uses of streams is discussed by Cooksey 
(86). Industrial wastes innocuous to 
humans may affect adversely the biol- 
ogy of the stream. Sewage in small 
quantities will not destroy fish or other 
organisms, but large amounts of sew- 
age will reduce the dissolved oxygen 
until it will no longer support life. 

Doudoroff (99) states that the bio- 
logical studies of industrial pollution 
should be directed toward reliable esti- 
mation and understanding of the effect 
of pollutants on important aquatie re- 
sources. This objective cannot be 
achieved through physical and chemical 
examination of the wastes or the re- 
ceiving waters, or through studies of 
those organisms of no immediate value 
to man and considered only as indica- 
tors of stream condition. A direct ap- 
proach to the evaluation of fish habitats 
and their productivity is recommended, 
and comparative studies of fish popula- 
tions and fishing success in comparable 
polluted and unpolluted waters are 
pertinent. Studies of the bottom fauna 
and of plankton also can be very in- 
structive, but the relative importance 
of these organisms as food for desirable 
fish species should be considered. 
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Toxicity bio-assays of industrial wastes 
help to explain and to predict the 
effects of industrial pollution and of 
remedial measures. 

A clean stream is defined by Czensny 
(88) as one in which the normal fish 
fauna is able to live and breed, the 
composition of the fish food organisms 
has not been changed or diminished 
in number, and nothing interferes with 
fishing operations. The effects of dif- 
ferent types of pollution on the fish, 
on fish food organisms, and on fisheries 
are discussed. It is concluded that the 
absence of fish typical of the stream 
ean indicate pollution. 

Doudoroff and committee (100) out- 
lined a comprehensive procedure for 
the evaluation of the toxicity of indus- 
trial wastes to fish. Not only are de- 
tails given for routine bio-assay pro- 
cedures, but auxiliary methods for the 
testing of wastes with volatile toxic 
components and high B.O.D. are dis- 
cussed. In three appendices, sugges- 
tions for the care and feeding of test 
fish, the design of experiments, and the 
methods of evaluation of test results 
are given. <A brief bio-assay procedure 
is outlined by Daugherty (90) to meas- 
ure the toxicity of industrial wastes 
to marine fish. 

LeClere and Devlaminck (147) sug- 
gest certain preliminary stipulations 
concerning the types of waters used, 
the comparative duration of tests, ap- 
propriate techniques, and the methods 
of representation of tests used to de- 
termine the toxicity of wastes to fish. 
Wuhrmann and Woker (251) studied 
the variability of the reactions of test 
fish in toxie solutions in order to de- 
termine valid statistical procedures. 
To secure average values with less than 
20 per cent deviation from the most 
probable mean for the concentrations 
tested, at least 5 fish per assay are re- 
quired. For more reliable comparative 
tests, at least 10 individuals are re- 
quired. 

Huet (134) discusses the various 
ways in which toxic substances may 
affect fish, describes methods used in 
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determining toxicity, factors affecting 
the results of tests for toxicity, and 
symbols for use in expressing results. 
The toxicities of some common sub- 
stances are given; these include mineral 
and organic acids, water of high alka- 
linity, metals, concrete, sodium and ecal- 
cium chlorides, ammonia, chlorine, ar- 
senic, artificial fertilizers, products 
from the distillation of tar and petro- 
leum, nicotine, natural resins, pyre- 
thrum, saponin, picrotoxin, and sub- 
stances secreted by mollusks. 

Woker and Wuhrmann (248) tested 
the sensitivity of several fish species to 
ammonia, HCN, and phenol. Minnows 
were more sensitive to ammonia than 
trout; on the other hand, trout were 
more sensitive to phenol than minnows. 
It was concluded that fish used to 
highly oxygenated waters should not be 
regarded as always more sensitive to 
toxicants than fish adapted to oxygen- 
poor waters. Each species of fish has 
its own toxicity spectrum. 

Kasai (140) studied the animal com- 
munities in the acid streams of Japan. 
The principal characteristic of these 
rivers is the paucity of animals, es- 
pecially aquatic insects. The changes 
in the composition of the animal com- 
munities at the confluence of acid 
streams with normal streams is de- 
scribed. Arnold and Royce (60) in- 
vestigated the effect on bottom fauna 
and fish of the disposal at sea of about 
3,000 tons per day of a solution of 
sulfuric acid and ferrous sulfate. Pre- 
liminary observations showed that the 
waste mixed with and was buffered by 
the upper 50 ft. of the sea water. Sur- 
veys of the dumping area and of a 
control area failed to show significant 
changes in the animal populations of 
the two areas and it was shown that 
bottom animals were not completely de- 
stroyed by these wastes even im- 
mediately below the point of discharge. 

Redfield and Walford (202) made a 
report on the effect of disposal of acid 
ferrous sulfate at sea. They found that 
the waste reacts rapidly with the sea 
water, forming inert materials. These 
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remain in solution or in fine suspensions 
that are carried long distances before 
settling to the bottom. Only a small 
volume of water is exposed temporarily 
to the harmful effects of the acids in 
the wake of the barge. No evidence 
was found that undesirable effects of 
any sort had been created by the dis- 
posal of the waste. There is a rapid 
exchange of coastal waters with the 
adjacent parts of the sea and, there- 
fore, disposal of wastes in general in 
carefully selected areas in the sea is 
feasible without damage. 

The survival of trout in KCN was 
studied. The survival period was af- 
fected by the size of the fish and the 
conditions under which they had been 
kept before the tests (47). One of 
the objects of the experiments was to 
develop bio-assay methods for the toxic- 
ity of industrial wastes. 

Pulley (200) studied the effects of 
aluminum chloride on various marine 
organisms. In sea water, 44 p.p.m. of 
AICL, did not kill adult fish, shrimp, or 
oysters; 88 p.p.m. killed young redfish 


quickly and other species more slowly ; 
132 p.p.m. killed all fish in a few days 
and most fish in a few hours; and 176 
p.p.m. killed all fish in a few hours. 
Oysters are more resistant than fish. 


Scheuring (210) found that sodium 
a waste product of the staple- 
fiber industry, was not extremely toxie 
to water organisms, for various protozoa 
tolerated concentrations of 1.5 to 2.0 
per cent for 28 days. 
of water 


sulfate, 


Various species 
snails showed varying de- 
resistance, succumbing in 0.5 
per cent within 7 to 28 days. Micro- 
crustacea were very susceptible and 
died within 6 to 30 hr. 


orees of 


The resistance 
of fish varied greatly; goldfish were 
relatively hardy, whereas trout finger- 
lings died in 0.5 per cent within 1 to 
Growth of various water 
plants was temporarily stimulated in 
solutions of 0.5 to 1.0 per cent, but 
higher concentrations were detrimental. 
Green and blue-green algae flourished 
in concentrations up to 1.5 per cent. 
Podubsky and Stedronsky (186) 


4 
b days. 


May, 1952 


found that the toxicity of metals to 
pike fry and spawn manifested itself 
in the order copper, brass, and zine. 
Iron was harmless. These authors 
(184) (185) also found that copper was 
most toxie to fish and river crabs, fol- 
lowed by zine, brass, iron, and nickel. 
Aluminum toxic in 
taining little calcium. 
with zine and tin, or 


was waters con- 

Copper coated 
iron coated with 
zine, was slightly toxic, whereas stain- 
less steel, or iron coated with nickel, 
The 
effects of copper, brass, and zine on 
plankton and insect larvae were 
studied. The slight concentration of 
these metals, which would not endanger 
fish, might destroy the zoo-plankton 
and some larger aquatic forms and 
would destroy fish habitats by the de- 
pletion of fish food organisms. 

Ogi (177) treated artificially ferti 
lized eges of Plecoglossus with dilute 
solutions of lithium chloride and pro- 
duced several types of monstrosities. 
Lithium was found to have deleterious 
effects on all types of body tissues. 
Lallier (143) found that immersing 
the eggs of amphibia in dilute solutions 
of lithium chloride slowed development 


chromium, or lead, was non-toxic. 


and significantly reduced the oxyge. 
consumption of the embryos. 

Smith (218) found that fish lived in 
domestic water containing an 
average of 0.1 p.p.m. of copper. 

LeClere and Devlaminck (148) tested 
the toxicity to fish of various sub- 
stances found in wastes. 
The minimum amounts of the inorganic 
acids, bases, and their salts, as well as 
hemoglobin poisons and organics, caus- 


tap 


gas works 


ing death within 6 hr. were determined. 
The wn vive and post mortem symptoms 
caused by each 
KUN 
the substances 


were de- 
most toxic of 
examined. Chemicals 
used in oil well drilling were classified 
by Daugherty (91) 
stances, low-toxicits 
toxie materials, 
cement, Tannex, 


substance 


scribed. Was the 


into non-toxic sub- 
and 
Caustic soda, oil well 
and white lime were 
fatal to many test animals in econecen- 
trations ranging from 70 to 450 p.p.m. 


substances, 
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Wuhrmann and Woker (252) cor- 

related concentration and reaction time 
in solutions of pure phenol for several 
fish species. The curve obtained fol- 
lows a hyperbolic function and may be 
expressed by a linear relation. Jones 
(139) found that solutions of phenol, 
ortho- and para-cresol are highly toxic 
to fish and have an effect on the nervous 
system, causing them to lose their sense 
of balance and capability of coordina- 
ted movement. At low concentrations, 
minnows appear to have little diserim- 
ination between the toxicants and the 
water, and swim into the solution and 
become intoxicated. At higher con- 
centrations, the fish will avoid the toxic 
solutions. Trahms (233) found that 
trout and perch died very quickly in a 
0.16 per cent solution of phenol diluted 
with tap water. Carp could stand 
1.9 per cent without injury. All dead 
fish had a bad smeli and taste. 
(221) conducted experi- 
ments to determine the toxicity of an 
acid waste containing phenol as well 
as potassium, sodium, and _ iron. 
Daphnia were killed in 250 to 500 
p.p.m. in 10 to 12 days, and in 750 
p.p.m. in 4 days. These wastes were 
also toxic to algae. 

In 1937, the life of Lake Orta was 
destroyed by cuprammonium (64). 
Only a few algae and rotifers survived. 
The situation has not improved in 20 
years. No remedy is possible, as the 
pollution continues. Ammonia is high 
in the lake; nitrates are also high, with 


Sorenson 


an atypical distribution. Chlorides 
are also abundant. 
The wastes from sulfate pulping 


mills have organic compounds that are 
directly toxic to fish, according to von 
Essen (239). These are the resin acids 
present in the black liquor and the 
volatile components of the blow gases. 
Improved pulp washing techniques 
have resulted in the reduction of toxic- 
ities from black liquor losses. Halmi 
(118) maintains that pulping wastes 
harm streams by depleting the oxygen, 
resulting in the ultimate formation of 
Ii,S and methane. Experiments were 
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conducted to determine the toxicity of 
alkaline effluents that had been treated 
in different ways. It was found that 
fertilized fish eges were more resistant 
than newly hatched fry and these were 
more resistant than older developmental 
stages of the same species. When the 
sulfite effluent was treated with a suffi- 
cient amount of base, its poisonous 
effect was considerably reduced. 
Creating a foam of the sulfate effluents 
also appeared to be beneficial, as in 
this way the poisonous resins were al- 
most entirely removed from the effluent. 
By mixing the effluents from sulfate 
and sulfite factories, their poisonous 
effects were so reduced that the eggs 
and fry lived as long in the undiluted 
effluent as in control waters. The ex- 
periments indicate that in this way 
means can be found to eliminate the 
harmful effects of pulping wastes. 
Williams et al. (245) reported on a 
series of experiments made to deter- 
mine the toxicity of sulfite waste liq- 


uors to four species of salmon. 
These tests were carried out in 
brackish water and demonstrated 


that some salmon species were more 
tolerant than others. Oxygen tensions 
in the test solutions were adequate and 
an actual toxicity was demonstrated. 
The authors believe that sulfur dioxide 
is responsible for part of the observed 
toxicity. 

Trichloroethylene, which is used in 
cleaning and degreasing procedures, is 
toxic to fish and to the organisms re- 
sponsible for the biological purification 
of sewage (65). A method of detection 
of trichloroethylene by the color formed 
with pyridine is described. Ganapati 
and Alikunhi (113) observed heavy 
mortalities among breeding fish caused 
by an alkaline waste water, which con- 
tained free chlorine, chlorides, and had 
a high content of suspended solids. 
Bio-assays with native fish indicated 
that the toxicity was due mainly to the 
free chlorine. Gambusia was able to 
survive in pond water containing 1 
p.p.m. chlorine. 

A comparison of the sensitivity of 
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bacteria and fish to toxic chemicals was 
made by Stone et al. (227). It was 
found that although fish and bacteria 
tolerate a similar range of pH values, 
fish are more sensitive than bacteria to 
most toxie substances. 

Pyridylmercuric acetate, a slime con- 
trol agent in paper mills which has 
been found to be a_ successful fish 
disease control agent, showed a specific 
toxicity to rainbow trout (110) (205) 
(207) (249). Toxicological observa- 
tions by these authors revealed that 
pyridylmercuric acetate is non-toxic to 
brook trout, although it is toxie to 
rainbow trout in the same concentra- 
tions. A 5-p.p.m. concentration of this 
drug for 1 hr. was not toxie to rainbow 
fingerlings of less than 3-in. length, but 
was toxic to larger fingerlings of the 
same species. Observations indicate 
that fish losses increase with the rise 
in water temperatures and _ other 
changes in water conditions. 

Lundgren (154) studied the dis- 
tribution of phenylmercurie acetate, 
another slime control agent. Ninety 
per cent of the substance remained in 
the pulp and the mill effluent contained 
less than 0.01 p.p.m., the maximum 
tolerated by fish. 

Young and Nicholson (256) reported 
extensive fish kills in streams tributary 
to the Tennessee River. Cotton boll 
weevil insecticides were washed with 


soils into the streams during a period 


of heavy rains and killed fish. These 
insecticides included toxaphene, gamma 
isomer of benzene hexachloride, DDT, 
and aldrin. Not only were fish killed, 
but also many species of fish food 
organisms were depleted. Warrick 
(243) stated that these fish kills were 
the first instance known to him in 
which extensive pollution of streams 
has resulted from the use of agricultural 
insecticides. The kills followed heavy 
rains and were associated with in- 
ereases in the water levels of the 
streams and increased turbidity. 
Muller (164) showed that 190 to 250 
p.p.m. of Gesarol (DDT) was lethal to 
fish and fish food organisms. DDT 
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dusts were less dangerous than emul- 
sions or oil solution. Schwarz (212) 
studied the toxie effects of DDT and 
difluoro-diphenyl-trichlorethane to fish 
and frogs by examining the responses 
of the poisoned animals to electrical 
stimuli. 

Daugherty and Garrett (93) de- 
termined the 24-hr. median tolerance 
limit (TL,,) for several substances dis- 
charged as wastes into ocean waters. 
Tests with Lagodon rhomboides gave 
the following 24-hr. TL»; hydrocyanic 
acid, 0.069 p.p.m.; lactonitrile, 0.215 
p.p.m.; arerylonitrile, 24.5 p.p.m.; 1, 
eyanobutadiene, 1,3, 71.5 p.p.m.; ace- 
taldehyde, 70.0 p.p.m. 

The toxicity of nicotine is evident in 
coneentrations of 1:50,000 and 1:300,- 
000 and is greater in alkaline than acid 
solutions (253). Fish can endure weak 
solutions for many days. 

The number of salmon in Swedish 
streams has decreased greatly as a 
result of industrial pollution, dam erec- 
tion, and overfishing (250). As a part 
of a major study, tests were made to 
determine the toxic effect on predatory 
fish of slaked lime, lysol, ammonia, 
derris root, arsenic, picrotoxin, and 
phenylmercurie acetate. In concentra- 
tions used, arsenic and picrotoxin had 
little effect. Ammonia in concentra- 
tions of 17 to 136 p.p.m. killed eels, 
roach, and trout in 15 to 16 minutes. 

The Trent Fishery board (56) (234) 
investigated some major fish kills, sev- 
eral of which were due to preventable 
pollution. Many kills were due to the 
combined effect of high temperatures 
and low river flows during a prolonged 
drought. The river Derwent was pol- 
luted with sewage effluents and hot 
condensate from factories. The sudden 
release of large volumes of deoxygena- 
ted water by floods killed fish in down- 
stream locations. Biological surveys 
showed that coal washing waters in 
the river Sence had affected adversely 
the flora and fauna of the upper river. 
The Dove river is affected adversely 
by water from a tributary contamina- 
ted by copper. In appendices, methods 
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are given for the biological detection 
of pollution. 

The 1949 drought in Yorkshire (242) 
had so reduced the oxygen content of 
the rivers that slight amounts of pol- 
lution killed fish. Fish were killed 
when local thunderstorms caused flush- 
ing of gullies and surface drains and 
discharged storm waters from the 
sewers. The need for surveying and 
recording the water flow in slow-flow- 
ing rivers into which large volumes of 
sewage and industrial effluents are 
discharged is emphasized. Wagner 
(240) reported that the water level 
in many German streams was below 
average in 1949. Streams became 
heavily polluted with sewage and in- 
dustrial wastes, causing fish kills. The 
connection between fish mortality, 
water flow, and types of pollution was 
analyzed. Of the kills, 27 per cent 
occurred in July. 

Basu (67) reported on the ecology of 
fish ponds irrigated with sewage. Ob- 
servations were made of the biological, 
chemical, and physical changes of these 
ponds after applications of varying 
amounts of sewage. After application 
of sewage the number of bacteria in- 
creased; this, in turn, was followed by 
an increase in the numbers of zoo- 
plankton. Phytoplankton increased on 
the third day after fertilization. 

Mookerjee and Bhattacharya (162) 
investigated fish kills in two carp ponds. 
In one, algae excluded the light, dis- 
solved oxygen was low, and hydrogen 
sulfide was present; fish of all ages 
died. In the other tank, Microcystis 
was present. At noon, during the 
height of photosynthetic activity, dis- 
solved oxygen was high, the pH had 
increased to 9.55, and the young fish 
were killed. It was concluded that 
young fish cannot tolerate high alkalin- 
ity accompanied by a high concentra- 
tion of organic matter, even when the 
content of dissolved oxygen is ap- 
preciably higher than normal. 

LaRoze (145) described a case in 
which pollution of a river with tannery 
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wastes caused fish kills because of 
oxygen depletion. 

Spraying carp ponds with copper 
sulfate at a rate of 8 kg. per hectare 
per summer season has improved the 
earp production (76). Spraying has 
also proved successful in controlling 
gill rot, because it prevented mass for- 
mation of algae during warm weather 
and favored decomposition of dead 
water plants, thus augmenting plank- 
ton production. 

Landa and Komers (144) maintain 
that refinery waste waters containing 
organic compounds kill fish by deplet- 
ing the oxygen content. The purifica- 
tion of wastes containing phenols, naph- 
thenic, and naphthenates and the toxic 
effect on fish of these substances, is 
described. 

Schmassman (211) studied the 
toxicity to fish of synthetic detergents. 
Three products, one of unknown com- 
position and two fatty acid concen- 
tration products, one containing pyri- 
dine, were tested with fish. In the 
product containing pyridine, the res- 
piration and nervous system were 
affected. It appeared that both the 
fatty acid and the pyridine had ad- 
verse effects. Fish were killed in less 
than 12 hr. by 20 p.p.m. of the deter- 
gent of unknown composition. 

Degens et al. (94) determined the 
time taken for different concentrations 
of several detergents to kill Daphnia, 
tadpoles, and various species of fish. 
In concentrations of 5 p.p.m. all deter- 
gents tested were lethal to the organ- 
isms within 10 to 100 hr., depending 
on the organism and the detergent. 
It was shown that, within limits, the 
animals could acclimate to 9 to 36 
p-p.m. of the detergent. Water plants 
did not appear to be affected by the 
detergents in concentrations up to 40 
p-p.m. 

Cicutoxin (187), an extract from the 
water hemlock, is a virulent fish poison. 
It is easily extracted from Cicuta root- 
stalks and quickly penetrates into the 
fish. There is a possibility of poison- 
ing young and delicate fish in small 
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shallow bays containing large quanti- 
ties of cut-down Cicuta. 

Fry (112) reviews the pertinent 
literature on the physiology and en- 
vironmental relations of the trout. Ac- 
climation temperature selection 
and tolerance are discussed. It isshown 
that the reduction of the oxygen level 
to 50 per cent saturation would pro- 
duce a very unsuitable environment, 
even at quite low water temperatures, 
to trout that had been acclimated to 
waters near saturation. Under or- 
dinary circumstances, free carbon di- 
oxide is not the first substance to exert 
an unfavorable effect on fish. In na- 
ture, speckled trout tolerate pH ranges 
from 4.1 to 8.5; in the laboratory, trout 
have been submitted to a pH of 3.3 to 
10.7 without adverse effects. There 
is evidence that acclimation to various 
levels of pH takes place. 

Basu (66) kept fingerlings of Indian 
fish in a continuous supply of water 
containing low concentrations of oxy- 
ven. The fish were able to survive for 
more than 24 hr. in concentrations of 
about 1 p.p.m., but in these low eon- 
centrations they remained very quiet, 
thus decreasing their need for oxygen. 

Wallen (241) studied the effects of 
high turbidity on 16 species of fish. 
Observable behavioral reactions that 
appeared as turbidity effects did not 
develop until concentrations of tur- 
bidity approached 20,000 p.p.m. Most 
fish endured exposures to more than 
100,000 p.p.m. for a week or longer, 
but these same fish finally died at a 
turbidity of 175,000 to 225,000. Tur- 
bidity is probably not a lethal con- 
dition to fish at turbidities found in 
nature. 


and 


Exposure of domestic animals and 
wildlife to atomie radiation is most 
likely to oecur through contact with 
atomic (126 The author 
reviews literature on effects of radia- 
tion to aquatic life and gives the 
radioactivity levels of streams receiving 
atomic wastes. Algae in the Columbia 
River have accumulated 1,000 times the 
level of radioactivity in the river 
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waters. The highest observed internal 
radiation dosage of fish was about 80 
per cent of the permissible daily ex- 
posure of plant personnel. There is 
not yet, however, evidence of pathologi- 
cal changes in aquatic organisms caused 
by radiation under natural conditions. 
General Electric Company (6), which 
operates the IHlanford Works, is con- 
structing an aquatic biology laboratory 
to determine the effect of effluent water 
from the piles on fish and fish food 
organisms in the Columbia, Yakima, 
and Snake Rivers. 

Ross (206) reports cases of poisoning 
of men and animals at Fanning Island 
by fish which were formerly eaten with 
no ill effects. All fish were caught in 
areas where war materials had been 
dumped and it is suggested that the 
plankton on which fish feed contain a 
product from the deteriorating muni- 
tions. The toxic agent appears to 
produce symptoms similar to those of 
aconitine. Brunner (79) found that 
fish may carry pathogenic bacteria ex- 
ternally or internally. Bacteria on the 
skins of sharp-spined fish enter wounds 
on the hands of fish handlers, resulting 
in erysipelas. When fish ate food in- 
fected with Gartner bacteria or were 
kept in infected water, bacteria could 
be detected within a few days in the 
gut and later in the flesh. The author 
considers that the dangers of infection 
of fish are greatest where pollution of 
water by industrial wastes weakens the 
resistance of fish to bacteria, rather 
than where fish are grown in sewage 
works effluent. 

The factors determining the growth 
and photosynthesis of phytoplankton 
under natural conditions are discussed 
and evaluated by Ketchum (142). 

Tarzwell and Palmer (230) discuss 
the ecological, physical, and chemical 
conditions that affect the growth of 
the plankton that are of interest to 
users of water supplies. The increase 


of reservoirs as water supply sources 
has brought algae and actinomyceta 
nuisances to the attention of the ulti- 


mate consumer. The value of biologi- 
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cal studies to anticipate and alleviate 
nuisance conditions is emphasized. 

Stund] (228) maintains that im- 
portant clues regarding origin and 
pollution of waters can be obtained by 
microscopic examination of the sus- 
pended matter in the water. These 
may be composed of plankton and other 
matter. 

The production of oxygen by algae 
in daylight, according to Stone and 
Abbot (225), generally exceeds the 
consumption of oxygen during the 
night. When a large proportion of 
sewage is present, the dissolved oxygen 
disappears completely during both day- 
light and darkness. Dilution of the 
sewage affects the length of time the 
algae-produced oxygen is present in 
the polluted water. The role played 
by microscopic green organisms in the 
purification of sewage is discussed by 
the same authors (226). 

Flint (108) made a 3-yr. study of the 
algal flora of a London water resorvoir. 
During the early part of the study, the 
reservoir was in use and the water was 
changed constantly. Later, the inlet 
was closed and the water became stag- 
nant, causing marked chemical and 
biological changes in the reservoir. At 
first, the plankton contained numerous 
Chlorophyceae, but a year later it con- 
sisted mainly of diatoms and Myxophy- 
ceae. Different planktonic and non- 
planktonic algae were abundant at 
different periods of the year and it is 
suggested that their periodicity is re- 
lated to variations in the intensity of 
the light and concentrations of various 
types of nitrogen, phosphorus, and 
silica. Lists of species commonly oc- 
curring under conditions of high and 
low concentrations of nitrogen, phos- 
phate, and silica and with varying 
amounts of sunshine are given. 

Ludwig et al. (152) find that algae 
in sewage convert nutrients into algal 
cell material, which when finally dis- 
charged to streams serves as a food 
supply for fish and other animals. The 
algae in effluents from sewage ponds 
are biologically active and can assist 
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in the purification of watercourses. 
The algae convert nitrogenous sub- 
stances to high-protein tissue, which 
may be of economic importance. 

Osterlind (180) discusses physical 
and biological conditions that affect 
the growth of the alga Scenedesmus. 
Among subjects discussed are the as- 
similation of the carbonate ion, the 
influence of pH, growth rate determi- 
nation at various pH values, compari- 
son between nitrate and ammonia as 
sourees of nitrogen, and the optimum 
and inhibiting effects of various CO, 
concentrations. 

Studies were made of the ecology of 
the tropical inshore waters near 
Miami, Fla., by Smith et al. (217). 
Two of these stations were near the 
cities of Miami and Miami Beach, 
where the water was polluted with 
sewage and was rich in phosphates and 
nitrites. Many plankton were found 
at these and adjacent stations. Marine 
algae found in the Mediterranean near 
Alexandria, Egypt, were studied by 
Nasr and Aleem (172). The greatest 
numbers of algae were found in the 
spring, whereas the highest concentra- 
tions of the nutritive salts occur in the 
winter. Differing salinities at various 
stations determine algal species in these 
areas. The East Harbor of Alexandria 
receives sewage and has, therefore, a 
dense growth of certain algae. Boss- 
hard (77) discussed the effect of hy- 
drobiological changes on the operation 
of water treatment plants. The effects 
of seasons on the composition of the 
algal population and the effects of sew- 
age on the bacterial number has been 
followed between 1909 and 1945. 

Abbott (1) noted than an algal 
growth apeared after 114 months in a 
closed bottle filled with settled sewage, 
despite the fact that much hydrogen 
sulfide was produced. The total sul- 
fide was equivalent to 11.1 p.p.m. of 
sulfur. Fjerdingstad (106) found 124 
species of plant microorganisms in stag- 
nant ditches containing from 0.22 to 
45.03 p.p.m. H,S. The H,S is formed 
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by the decomposition of organic mat- 
ter. 

Flentje and Monie (107) and Monie 
(161) discuss algae in water supplies 
and the use of copper sulfate in algal 
control. Algae may cause objection- 
able tastes, odors, and color, and on 
disintegration are said to form toxic 
substances. The effect of temperature 
on the growth of several algal species 
is discussed and its importance in de- 
termining when it is necessary to apply 
copper is mentioned. 

The disappearance of large areas of 
marine eelgrass during the past 50 yr. 
from European and American shores, 
causing a considerable depletion of fish 
and wildlife food, is discussed (55). 
Although the disease causing the dis- 
appearance of the eelgrass is associ- 
ated with the fungus Labrynthula, it 
is possible that pollution from land and 
by oil from ships is a contributing 
factor. The toxie effect of oil on 
plants is discussed. 

Louw (151) believes that several 
cases of poisoning of livestock in South 
Africa were caused by a blue-green 
alga (Mycrocystis toxica) growing 
abundantly in reservoirs. This alga 
can be controlled with copper sulfate. 
The methods used to isolate the toxin 
from the alga, as well as the effects of 
the toxin on small animals, are de- 
scribed. The toxin was found to be 
an alkaloid and was isolated as the 
picrate. Smit (216) described symp- 
toms observed in small animals treated 
with the toxin and the changes seen 
on post mortem examination. Stewart 
et al. (224) report the loss of cattle in 
Ontaria due to poisoning by a species 
of Microcystis in the drinking water. 
The toxicity of the algae, symptoms, 
pathology, and the chemistry of algae 
poisoning are discussed. Growth of 
the alga was stimulated by continuous 
hot weather and the high contents of 
organie matter contributed by sewage 
pollution. 

Wurtz (254) extracted the antibiotic 
from Microcystis aeruginosa, which has 
an antibacterial effect on Clostridium 
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bifermentans. Filtered pure cultures 
of Scenedesmus have the same effect on 
C. sporogenes. 

Daugherty (92) found oysters were 
killed in concentrations of sodium acid 
pyrophosphate in concentrations of 500 
p-p.m. or greater. A decrease in ir- 
ritability is evident for the first time 
at 400 p.p.m. and diminished progres- 
sively as the concentration of the salt 
increased. 

Hoffman and Zakhary (128) found 
that temperature is a factor of pri- 
mary importance in determining the 
effectiveness of copper sulfate when 
used as a molluscacide. Experiments 
over a range of 14° to 26° C. showed 
a 50-fold variation in toxicity, with 
the snails dying most rapidly at the 
higher temperatures. 

Billib (74) traced many intestinal 
diseases in Northwest Germany to 
shrimps from Cuxhaven. The shrimps 
are obtained from mudbanks in the 
estuary of the Elbe, which are pol- 
luted by sewage from Cuxhaven and 
by waste waters from fish handling and 
processing plants. 

Rudy (208) believes that the de- 
crease in the fish population of the 
Staffelsee, Bavaria, is due indirectly 
to the clearing of a large woody area 
south of the lake. Acid water now 
drains from this area to the lake, de- 
stroying aquatic plants and causing 
the disappearance of clams. The au- 
thor emphasizes the harmful effects on 
ground water, plant growth, and fish- 
eries of the acidification of soil caused 
by extensive planting of pines and 
draining of swamps. 

Cereos (83) found that the toxic ef- 
fect of fungocin, a detergent anti- 
biotic of protein nature, on the fish 
Gambusia affinis follows a_ regular 
curve up to a dose of 500 yg. per ml. 
Fungocin is also toxie to tadpoles. 
Bacilomyein has a toxic effect on fish. 


Chemistry 


It was reported by Patterson (182) 
that the Carney River in Oklahoma has 


suffered increased pollution by oil 
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brines until it contains more than 200 
p.p.m. of chloride and has a salty bit- 
ter taste. Textile wastes, according to 
Murdock (168), are objectionable in 
streams because of their color, sulfite, 
and metallic salt content, resulting in 
highly colored alkaline waters for sev- 
eral miles downstream below their dis- 
charge. Churchill (84) pointed out 
that paper and pulp mill wastes ren- 
dered many miles of otherwise clean 
streams dark and objectionable in 
eolor. It required 40 c.f.s. per ton of 
paperboard produced, plus consider- 
able natural purification, to reduce the 
color to that considered normal for 
streams in the area. 

Phenol concentrations should not ex- 
ceed 2 p.p.b. after initial dilution in 
streams for protection against tastes 
in water supplies according to DeLa- 
porte (95). This limit in streams 
would require treatment of effluents to 
reduce phenol content to 20 p.p.b. be- 
fore discharge. Ettinger et al. (103) 
studied the persistence of phenols and 
eresols in polluted waters under an- 
aerobic conditions and reported re- 
movals of 1 p.p.m. of phenol and ortho- 
cresol at room temperature after 14 
and 7 days, respectively. At 4° C. 
the same quantity of these phenolics 
required 33 and 9 days, respectively, 
for removal anaerobically. Serial ad- 
ditions indicated acclimatization with 
more rapid removal, but atypical runs 
were also reported in which the phenol 
was not completely used up. Accord- 
ing to Ettinger and Ruchhoft (104), 
phenolic materials in polluted water 
fall into three groups as determined by 
the results of stepwise partial chlo- 
rination: (a) phenolic materials which 
have their taste-producing intensity 
enormously increased (phenol, the cre- 
sols, and o-chlorophenol); (b) phe- 
nolic materials which have their taste 
intensity progressively decreased (1- 
naphthol, and 2,4-dichlorophenol) ; and 
(ec) phenolic materials of limited in- 
tensity (4-chlorophenol and all of the 
phenols studied which had three or 
more positions chlorine substituted). 
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Bulicek (80) reported that phenolic 
wastes contribute a large part of the 
stream pollution problem caused by 
industrial wastes in Czechoslovakia. 

The effect of cyanide on the B.O.D. 
reaction in polluted waters was found 
to be quite variable by Ludzack et al. 
(153). Special microbie growths were 
able to oxidize organic matter in the 
presence of cyanide after an initial lag 
period. Little reduction of cyanide 
was accomplished during a normal 5- 
day incubation; in river waters there 
was a proportionally greater effect of 
small doses of cyanide on the inhibition 
of B.O.D. As much as 50 per cent or 
more of the organic matter as in the 
control was stabilized at 20° C. in the 
presence of cyanide concentrations up 
to 6 p.p.m. within a 10-day incubation 
period. Skopintsev (214) followed the 
biological oxidation in river waters over 
a period of 180 days at 16° to 20° C. 
He found the reaction unimolecular, 
with a reaction constant of 0.01 to 0.06. 
He concluded that incubation periods 
of 5 to 10 days give only relative values 
on the oxidation of unstable compounds 
and that incubation periods of 50 days 
or more are required. Albright (3) 
reports that oxygen (as sodium ni- 
trate) equivalent to 10 to 20 per cent 
of the 5-day B.O.D. reduces offensive 
odors in a badly polluted stream. Mur- 
dock (165) discusses the control of 
H.S odors in the Androscoggin River 
by the addition of sodium nitrate on 
the basis of the water temperature, sul- 
fite liquor load, dissolved oxygen, and 
methylene-blue stability. During 44 
days, 641.5 tons of sodium nitrate were 
used to reduce the H.S to 0.01 p.p.m. 

Jepson and Greene (138) showed ex- 
perimentally that nitrates were not re- 
duced until D.O. totally disappeared, 
and confirmed the generally accepted 
view that the presence of nitrates de- 
lays or prevents the onset of nitrifica- 
tion. 

The concentration and estimation of 
organic chemical compounds in the 
Ohio River (78) was 9.3 to 32 p.p.b. 
using a carbon filter extraction tech- 
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nique, with lowest concentration de- 
tected by the threshold odor test 
ranging from 3 to 25 p.p.b. The 
quantitative extracts reported might be 
subject to considerable error, due to 
deficiencies in the carbon used, in vari- 
ation in filtration rates, and metering 
errors. The technique seems promising 
for special stream and industrial waste 
studies. 


B.O.D. and Oxygen Sag 


Lee (149) discussed the mathemati- 
cal analysis of B.O.D. data. He be- 
lieves the 20° C. k is usually 0.1 and 
attributes most of the other values re- 
ported to ‘‘failing to recognize the 
effect of the initial demand for oxy- 
gen.’’ Williams (246) reported that 
bottle experiments yielded a mean 20° 
C. k value of Minneapolis-St. Paul 
plant effluents of 0.192, with 0.162 the 
mean /& for the raw influent. On sam- 
ples of the Mississippi River, which re- 
ceives the plant effluent, lower k values 
were observed, the values decreasing 
with increased dilution, and also show- 


ing decrease as the receiving stream 


had a chance to recover from new pol- 


lution. Murdock (166) commented on 
the progress of studies by the National 
Council for Stream Improvement 
aimed at stream improvement through 
suplying air to receiving waters to per- 
mit the stream to more quickly recover 
from its pollutional load, and also sum- 
marized (169) the effect of low stream 
temperatures in retarding self puriti- 
cation. Bollens (75) discussed the re- 
lationship between microbiological me- 
tabolism and the satisfaction of 
B.O.D. 


Stream Standards 

The New York State Water Pollu- 
tion Board adopted standards of water 
quality for of surface 
water based on the best usage of wa 
ters (174 Similarly, standards of 
water quality for ground water and 
tidal water were adopted. The stand- 
ards vary from Class AA waters, which 
are not polluted and may require only 


seven classes 
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disinfection for best usage as drinking 
water, through different degrees of pol- 
lution and best usage to Class F, for 
which the best usage is sewage or in- 
dustrial wastes disposal and the stand- 
ard of water quality is such as to pre- 
vent a public nuisance. Intermediate 
classes consider the suitability of the 
water for sources of drinking water, 
bathing, fishing, agricultural uses, in- 
dustrial uses, ete. 

The fresh-water ‘‘standards’’ have 
been condensed and tabulated by Hess 
(123) for ease of comparison. The 
principal features of the standards, ae- 
cording to Hess, are: (a) disposal of 
wastes is one recognized best usage for 
waters in New York State; (b) any 
class of waters can be used for purposes 
listed in all lower classes, provided the 
specifications of that class are not vio- 
lated; (c¢) no numerical limits are given 
for a large proportion of the specifica- 
tions; (d) the limits for phenol com- 
pounds are related to water use for 
drinking and food preparation, rather 
than effects on fish life; (e) the limit 
for dissolved oxygen in Class D is 
related to fish survival, rather than to 
industrial or agricultural usages; and 
(f) the system indicates toxic, deleteri- 
ous, colored, or other wastes, or heated 
liquids may be limited in Classes A to 
D by best usage other than those speci- 
fied. In discussing the similarity of the 
New York standard for Class A with 
the International Joint Commission ob- 
jectives, it is pointed out that the New 
York standards are limited to receiving 
waters, whereas the objectives include 
both effluent and receiving waters. 

The application of the Pennsylvania 
standards for control of pollution in 
Class A, B, and C streams was dis- 
cussed by Daniels (89). The stand- 
ards of effluent quality discharging 
into a stream are based on ‘‘ percentage 
removal’’ required for the treatment 
of domestic sewage. The treatment re- 
quired of an industrial waste is in- 
terpreted as that treatment necessary 
to produce an effluent comparable to 
that required for domestic sewage 
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treatment. This eliminates the need of 
extensive studies on each industrial 
waste. The objectives of boundary wa- 
ter quality of the International Joint 
Commission were given and discussed 
by Berry (70). The objectives of ade- 
quate control of pollution include both 
treatment plant effluent and surface- 
water quality. 


Stream Surveys and Studies 
The Ohio River Valley Water Sani- 


tation Commission (178) reviews in 
detail its activities, projects under- 
taken, progress made in pollution 
abatement, and pollution abatement ob- 
jectives. The final report of an exten- 
sive water quality survey of the Ohio 
River (179) involved a 12-day program 
of simultaneous sampling at 36 sam- 
pling stations located along a 963-mi. 
stretch of the river. Hydrometrie data 
and the results of bacteriological, sani- 
tary, chemical, and mineral determina- 
tions are presented in detail. 

An intensive survey of a 130-mi. 
stretch of the Wabash River (Indiana- 
Illinois), sponsored by the Ohio River 
Valley Water Sanitation Commission 
(24), was accomplished through the 
combined efforts of eight cooperating 
organizations. More than 1,000 samples 
were collected in the 25-day sampling 
program. Results of the survey per- 
mitted determination of the require- 
ments for waste treatment facilities at 
Terre Haute and Vincennes, Ind. 

The Public Health Service released 
a report on a comprehensive water pol- 
lution survey of the South Platte River 
basin (198) (Colorado, Nebraska, Wy- 
oming) produced in cooperation with 
the Bureau of Reclamation, the Colo- 
rado State Department of Public 
Health, and the City and County of 
Denver, Colorado, which includes a de- 
scription of the basin, discusses its 
economic development, uses of water 
resources, pollution damages to water 
resources, benefits which may accrue 
as a result of pollution abatement, pol- 
lution prevention measures in effect, 
pollution abatement needs, and recom- 
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mendations relative to water pollution 
control programs. 

A water pollution survey of the St. 
Johns River at Jacksonville, Fla., is 
described by Sheddon (213). He con- 
cludes that pollution makes the stream 
unsatisfactory for bathing, but that it 
does not prevent the use of the stream 
as a source for domestic water supply 
and does not present a problem con- 
cerning fish and wildlife conservation 
or shellfish culture. A summary of 
information concerning water quality, 
stream flows, and sources of pollution 
for each of Florida’s major rivers, is 
presented by Phelps and Barry (183). 
Special reference has been given to the 
statistical probability of low stream 
flows of specified magnitude. 

A 3-yr. study to determine the 
limitations on the ability of Balti- 
more Harbor to accept waste dis- 
charges without undergoing objection- 
able changes is reviewed by Garland 
(114). The study included hydro- 
graphic investigations, investigation of 
sources and types of waste loadings, 
and chemical and bacteriological water 
quality determinations. A study of 
the shore waters of Biarritz, France, is 
reported by Souchard, Andrieu, and 
Darmendrail (222). Sea currents and 
dilution prevent the contamination of 
nearby beaches, but the authors con- 
clude that the major purifying action 
is from the antibiotic power of sea wa- 
ter. 

A survey of Port Gardner Bay and 
the Snohomish River estuary, made 
during the fall of 1949 is reported by 
Eldridge and Orlob (102). A pollu- 
tional barrier caused by waste dis- 
charged by two sulfite pulp mills and 
Everett, Wash., has been demonstrated 
to exist in the estuary of the south 
branch of the river. Fish kills have 
occurred and river frontage and beach 
areas have been adversely affected by 
the pollution. 

Ketchum (141) presents a method of 
ealeulating the effective dilution of 
fresh water flowing into an estuary and 
a means of determining the ratio of 
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fresh to salt water at any location in 
the estuary if the physical character- 
istics of the latter, the rate of river 
flow, and the position of the tides are 
known. The results of the study rep- 
resent a refinement over the tidal 
prism method for the analysis of di- 
lution problems in tidal estuaries. 

A biodynamic study of the Conestoga 
River, Pa. (181), to determine if or- 
ganisms living in a stream could serve 
as indices of stream conditions, par- 
ticularly as related to domestic and 
industrial wastes pollution, indicates 
that a great many species, none repre- 
sented by a great number of individu- 
als, will be present in a healthy stream, 
but that pollution will eliminate less 
tolerant species and permit greater 
abundance of the more resistant ones. 
A brief description of a biodynamic 
stream survey of this type, made prior 
to the construction of a nylon inter- 
mediates plant by the du Pont Com- 
pany, is given by Murdock (169). 

Dougan and Bell (101) discuss the 
manufacturing processes of a synthetic 
rubber plant and describe its waste 
materials and methods of waste treat- 
ment. The study included a survey of 
a 20-mi. stretch of the stream which 
receives the plant’s effluent. Bergamin 
and Correa (69) describe the condition 
of a small stream which receives the 
wastes of a tannery, five textile works, 
and the sewage of a town. 

The report of the International Joint 
Commission studies of 1946-1948 on the 
pollution of boundary waters has been 
released (1385). A survey of industrial 
wastes in the Lake Huron-Lake Erie 
section of the boundary waters from 
the International Joint Commission 
studies is presented by Berry, Black, 
and Oeming (73). Discussion of the 
industrial wastes program is compre- 
hensive and the progress which has 
been made in pollution control is re- 
ported. Two other articles dealing 
with the International Joint Commis- 
sion study of the pollution of boundary 
waters presented by Berry (71) (72), 
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include discussions of both domestic 
and industrial wastes. 

A water quality survey of Lake Erie 
by the Division of Water, Ohio Depart- 
ment of Natural Resources, has been 
reported (30). Highly polluted tribu- 
tary streams appear to be the worst 
offenders in the pollution of the lake. 
Determinations of coliform organisms, 
B.O.D., and dissolved solids were in- 
cluded in the survey. A majority of 
the bathing beaches sampled were 
found to be polluted beyond tolerated 
public health limits. Dewitt and White 
(98) presented a preliminary report on 
the characteristics of pollution of 
large, relatively still bodies of water 
by the entrance of contaminated tribu- 
tary streams. 

The results of determinations of dis- 
charge, temperature, color, dissolved 
and suspended solids, and selected min- 
eral and chemical constituents of the 
waters of many surface streams in the 
United States, have been published 
(236). Data for the publication were 


collected during the period October, 


1945, to September, 1946. Additional 
information concerning oxygen con- 
sumed values, pH, and concentrations 
of additional chemical constituents, is 
given for a number of the streams. 
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MAKE YOUR HOTEL RESERVATIONS FOR THE FSIWA 
SILVER ANNIVERSARY MEETING 


The Hotel Statler at New York City will be the headquarters for the 


Federation’s Twenty-Fifth Annual Meeting, to be held in October. 
outstanding Silver Anniversary program is being planned for the four- 


day meeting. 


Requests for room reservations should be addressed directly to the 
It should be noted that the technical program will open on 
Monday morning, October 6, and will close at noon on Thursday, Oc- 
However, the usual inspection trip will this year be scheduled 
for the afternoon of October 9, after the close of the meeting. 


WRITE NOW FOR YOUR RESERVATIONS! 
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Sewage Works 


HETEROTROPHIC BACTERIA ENCOUNTERED IN 
INTERMITTENT SAND FILTRATION OF 
SEWAGE * 


By W. T. 
sistant Professe 


Assistant, Department 


CaLaway, W. R. 


CarROLL, AND S. K. Lone 


r of Sanitary Science, Head Professor of Bacteriology, and Graduate 
of Civil Engineering, respectively, Unive rsity of Florida, 


Gainesville, Fla. 


A considerable amount of research 
has been done in the past upon the 
principal bacteria found in~ various 
types of sewage purification processes 
(for example, activated sludge and 
trickling filters), but there 
a noticeable lack of bacteriological 
work, in modern times, on sand filters. 
It is obviously as important from a 
scientific viewpoint to know the bae- 
teriological ‘‘why’s and wherefore’s”’ 
of sand filtration as it is to be familiar 
with those for the mentioned 
processes. The value of determining 
the more important species of bacteria 
present in the filter, and some indiea 
tions of their physiological properties 


has been 


other 


in the decomposition of the organic 
constituents of sewage, is readily ap- 
parent. 

The work here reported is a part of 
a project entitled **Microbiology and 
Ecology of Sewage Filtration Through 
Sand,’’ which is sponsored by the Na- 
tional Institutes of Health + upon the 
recommendation of the Environmental 
Health Study Section. This project is 
a study of basic biological, chemical, 
and physical interrelationships, the ob- 
jective of which is to advance the 
fundamental knowledge of 
treatment in general and of intermit- 
tent sand filtration specifically. 


sewace 


Laborator\ 


bution of the Sanitary Research 
the University of Florida. 
t Grant No. E-120 (C28). 


The first demonstration of the part 
that atmospherie oxygen plays in the 
purification of sewage was made by 
Frankland in 1868; however, he erred 
in assuming that the organie matter in 
sewage directly oxidized as it 
dripped through the filter. The re- 
search and development period of fil- 
tration actually began with the esta)- 
lishment of the Lawrence Experiment 
Station in Lawrence, Mass., in 1887: 
it is from this source that a majority 
of the early material on filtration was 
obtained. The first mention of the im- 
portance of biological action in sand 
filtration was made by Sedewick (15 
who stated that 
sary for 


Was 


the organisms neces- 
purification establish 
themselves in the filter and are directly 
coneerned with destruction of the or- 
ganic constituents. Clark and Gage 
9) (6) (7) (8) (9), in their excellent pa- 
pers on filtration at Lawrence, present 
many interesting discussions on the im- 
portance and functions of various bac- 
teria in filters. Hotchkiss (12), from 
studies on trickling filters, concluded 
that proteolytic bacteria predominated 
in the filter and that 
cerned with nitrogen transformations 
were abundant. Ganb (10), Levine 
and Watkins (13), and Bollen (1) 
identified numerous genera and species 
from trickling filters and polluted wa- 
ters. Butterfield (3) made the first 
detailed bacteriological study upon ac- 
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tivated sludge. He concluded that 
Zooglea ramigera was the principal 
organism concerned with this type of 
purification. Whitehead and O’Shaugh- 
nessy (18) and Wattie (17) also made 
studies on activated sludge using But- 
terfield’s (3) techniques. 

The following study was made on a 
sand filter 1/800 of an acre in area. 
The sand of this filter has an effective 
size of 0.31 mm. and a uniformity ¢o- 
efficient of 3.3. The filter was being 
regularly dosed with slightly weak 
sewage, which varies in strength from 
60 to 120 p.p.m. B.O.D., with an aver- 
age strength of about 100 p.p.m. of 
5-day B.O.D. 


Methods 
Sampling for All Bacteriological Work 


Samples were taken from the filter 
in the following manner: 


1. Surface sand samples.—A small 
section of the dried crust on the sur- 
face of the filter was removed with a 
flamed spatula and discarded. A _ por- 
tion of the exposed sand was removed 
and placed in a clean beaker and cov- 
ered with a petri dish lid. 

2. A special coring device was used 
for taking samples from the 6-in., 12- 
in., 18-in., 24-in., and 30-in. levels. 
This device was constructed of 2-in. 
diameter steel pipe with one end ground 
to a sharp edge to facilitate penetra- 
tion of the sand. The pipe was scored 
at 6-in. intervals to permit rapid de- 
termination of the depth attained. 

Samples were obtained by driving 
the pipe into the bed to the desired 
depth and withdrawing carefully. 
Portions of the sand retained were re- 
moved from the center of the sand in 
the end of the tube and placed in 
clean beakers, covered, and labeled. 
For individual samples within the 
bed, coring was done at widely sepa- 
rated locations. 


Processing of Samples 


1. General aerobic heterotrophic bac- 
teria.—This group includes all organ- 
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isms which grew well under aerobic 
conditions and on standard nutrient 
agar. Only the most numerous types 
of these organisms present in the filter 
were studied, efforts being directed 
toward identification of only the pre- 
dominant bacteria. 

Portions of each sample containing 
10 g.+ 0.1 2. were weighed out and 
placed in sterile 100-ml. water blanks. 
These blanks were shaken vigorously 
for 3 min. to suspend the bacteria, and 
then were allowed to stand for 3 min. to 
permit the sand to settle. This mix- 
ture was considered to be a 1:10 dilu- 
tion (10 g. sand per 100 ml. water). 
Serial dilutions were then made to the 
required degree. (Two to four days 
previous to each series of samples, test 
plate counts were made for each level 
of sand to aid in determining the 
proper dilution.) After the dilutions 
were made, a 1-ml. portion of each 
sample was plated out using nutrient 
agar and the pour plate method. Di- 
lutions between 1:1,000,000,000 and 
1:10,000 were required for the surface 
level, and 1:1,000,000 to 1:10,000 for 
the lowest levels, with the other levels 
ranging between these figures. All 
plates were incubated at 25° to 28° C. 
for 7 days. At least three colonies 
representing the more numerous types 
were picked and transferred to nu- 
trient agar slants. Total plate counts 
and counts of the colonies picked were 
made and recorded. 

All cultures were purified using the 
loop dilution technique. These eul- 
tures were then identified by compar- 
ing their characteristics with those 
found, in ‘‘Bergey’s Manual of De- 
terminative Bacteriology’’ (2). 

2. Enumeration of zooglea-forming 
bacteria.—Sampling for this portion of 
the study was done in the same man- 
ner as that for the general hetero- 
trophic bacteria. Because of the prob- 
lems involved in estimating numbers 
of zoogleal bacteria, these samples re- 
quired special handling. A technique 
for this purpose was developed which 
was based on Butterfield’s (3) studies 
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FIGURE 1.—Aerating apparatus for bacterial cultures. 


in which he found that an unfavorable 
environment caused dispersion of the 
bacteria from the gelatinous matrix or 
floc, and that this phenomenon could 
be prevented by adding approximately 
one part of nutrient broth to nine 
parts of the water used. 

The zoogleal films were washed from 
the samples of sand using sterile broth- 
water mixtures and shaken vigorously 
for 5 min. The samples were then al- 
lowed to stand just long enough to 
permit the sand to settle out. The 
supernatant from each washed sample 
was removed and placed in sterile, 
stoppered centrifuge tubes. These films 
were washed with sterile broth-water 
mixtures using low-speed short-time 
centrifugations at least 14 times. The 
material remaining was then removed 
and placed in a 100-ml. sterile-water 
blank containing no added nutrients. 
This was considered to be a 1:10 dilu- 
tion (zooglea content of 10 g. of sand 
in 100 ml. of water). The unfavorable 
conditions caused by the plain distilled 
water created conditions sufficiently un- 
favorable to cause dispersion of the 
bacteria from the floes. The dispersed 
bacteria were then serially diluted and 
a l-ml. portion of each dilution was 
removed and placed in the special 
aerating apparatus (Figure 1) con- 
taining sterile sewage. These tubes 


were vigorously aerated for seven days, 
fresh sterile sewage being added every 
24 hr. to maintain a high concentration 
of nutrient materials. 

All tubes showing floc formation at 
this time were removed from the ap- 
paratus and allowed to stand for 15 
min. The supernatants were then dis- 
carded and portions of the floc-like 
material remaining were removed. 
Microscopie examinations were made 
on unstained floes, flagella stained floes 
(Gray’s method) (16), and _ floes 
stained with capsule stain (Anthony’s) 
(16). 

3. Miscellaneous studies.—(a) In ad- 
dition to the two foregoing studies, de- 
terminations were made on the num- 
bers and distribution of coliform or- 
ganisms and fecal streptococci within 
the sand at various levels of the filter, 
in the applied primary sewage, and in 
the filter effluent. Examinations for 
these organisms were made on the pri- 
mary and final effluents and upon the 
surface, 6-in., 12-in., 18-in., and 24-in. 
levels of sand. In the case of the fecal 
streptococci, determinations were also 
made on the 30-in. level of sand. All 
samples, with the exception of those 
from the effluents, were treated exactly 
as outlined for the general 
trophic bacteria. 

The medium used for most probable 


hetero- 


| 
y 
| 
i 
i 
| | | y 
| 
Be 
- 
23 “ph 
| 
i 
ad 


= 
a 
7. 
=a 
=< 
— 
~ 
fo] 


Vol. 24, No. 5 


= 
= 


| you 
aaiqisod 

pus plow 
ou 
prow 


peztan you 


poonpes 
uonowsen bry 


“nip 


mole 


ouoN 
queseig 
auoN 


quesoig 
quesesg 
queseig 
quasel 


18444 


| 
| 
| 


enasa2 


‘ds 

“ds 
“1V 


“ds 


£42009 *1V 


“ds 


MOTOR 
auoN 


“ds 

“ds 

“ds 
*1V 
euDsoaap 


| 
itl 


odeys 


enaiao 

“ds pipspoo 
“ds 
snpund ‘gq 


pus snuer 


PUBS UT pun 


ATAVL 


645 
£ 
' 
| 
| BS | 2<222222 | 222222<2<22 | 22227, | |Z 
| AD ©OOOA O O 2.2.2 LO 
| ZA | 2422 | | | 
2) OO Oo © | Oo} & 
$ » | | z | le | 
|| | ZZZZ>ZEN | | | | 
| ZEEE i 
SPSESESE| FE SE 
~ 
= = = = = 
| SSSSSRES | SSSEQESSE LS | | SSES2 | 
| | 
| ls 
| 
| Raid | 
= 


646 
numbers of coliforms was standard 
broth, with the criterion for 
positive tubes being gas production in 
24 hr. A special selective medium was 
required for the determination of the 
number of fecal streptocoeci. It was 
found that Rothe’s dextrose azide broth 
(14) was excellent for this purpose. 
The appearance of growth in tubes of 
this medium in 48 hr. constituted a 
positive reaction. Stained smears made 


lactose 


from positive tubes showed macroscopic 
examination of the tubes to be 90 per 
cent accurate 

The numbers of both types of or- 
vanisms were determined according to 
Hoskins’ (11) tables for most probable 
numbers. Several series of tests were 
made for each type of determination 
and the geometric means of coliform 
organisms and fecal streptococci were 
computed for the effluents and each 
level of sand. isolations were 
made from positive tubes from each of 
the two above studies, and after be- 
ing purified, the cultures were identi- 
fied by ‘Bergey's 
Manual’’ (2 

(b) Because many of the organisms 
in the group of general heterotrophic 
bacteria are often found in soil, which 
is the most important source of anti- 
biotie-producers, it was of interest to 
determine whether these organisms are 
capable of antibiotic-production in the 
filter. The relation, if any, between 
antibiosis and decrease in number of 
enteric organisms in the filter was in- 
vestigated. A representative number 
of cultures was tested against various 


Some 


reference to 


enteric pathogens, coliform organisms, 
and one species of Gram-positive coceus 


Results 
General Heterotrophie Bacteria 


It was found that the highest total 
plate counts, and counts for identified 
heterotrophic organisms, were obtained 
in the first two plating series, which 
were made during the months of No- 
vember and December. Air tempera- 
tures at this time ranged from 10° to 
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24° C. during the daytime and 5° to 
9° C. at night. The rate of dosing at 
this time was 300,000 ¢.p.a.d. (gallons 
per acre per day). 

In January, due to overloading and 
the low temperatures prevailing, it was 
necessary to rest the filter for three 
weeks. When dosing was resumed, the 
rate was reduced to 150,000 g.p.a.d. 


TABLE II.—Summary of Distribution of 
Predominant Species in Intermittent Sand 
Filters and Variations in Plate Counts 


| Plate Counts 
Depth | 


Genus! and Species |—— 
in.) 


|} Minimum | Maximum 


Fl. aquatile 
B. pumilus 80,000 
Al. faecalis 1,000 
B. alvei 140 
Fl. balustinum 5 10 
Streptomyces sp. 10 
Nocardia sp. (1) 5 


B. cereus 5 | 5.0 


| 300,000 


300,000 
200,000 


B. megatherium 
Fl. devorans 

| Fl. aquatile 150,000 
| Al. bookeri 60,000 
Streptomyces sp. | 1,500 
B. cereus | 

B. alvei 

Nocardia sp. (2) 

B. 8 ibtilis 

Nocardia sp. (1) 

Fl. balustinum 


Fl. aquatile 

B. alvei 
| Stre ptomyce 8 Sp. 
B. cereus 
Nocardia sp. (1) 
B. circulans 


Fl. aquatile 

Al. bookeri 

B. cereus 

B. alvei 
Nocardia sp. (1) 


| Al. bookeri 
Streptomyces sp. 
B. cereus 
Nocardia sp. (1) 
B. alvei 


30 | B. cereus 


! For generic abbreviations see Table I. 
? Expressed as millions per gram of sand. 


3 
| 
ha 
0 
f 6 
0 
l 
2 } | 30 ; 
1.0 | 1.0 : 
ae | 0.5 | 0.5 
10 10 
1.0 3.0 
0.3 | 2.0 
0.3 | 0.3 
24 20 20 
} 
0.3 1.0 d 
0.2 | 0.2 
0.2 | 0.2 
| 0.15) 0.15 
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FIGURE 2.—Distribution of coliform bacteria in intermittent sand filter. 


With the lower dosing rate, a notice- 
able decrease was obtained in plate 
counts at all levels; these counts, how- 
ever, were extremely variable. 

Fourteen species comprising 
genera were identified from various 
levels of the filter. Table I indicates 
their reactions on differential media. 
The organisms are arranged according 
to the level from which they were iso- 
lated and in order of decreasing counts 
(see Table IT). 


five 


Zoogleal Bacteria 

It was found, on the basis of several 
series of tests, that the gelatinous 
masses or flocs produced by these bac- 
teria were always readily formed at 
dilutions of 1:10,000,000,000 and 
1:100,000,000,000 for the surface and 
6-in. levels of sand. No visible floc 
formations were ever obtained at dilu- 


tions of 1:1,000,000,000,000 for either 
level. Flocculent growth was formed 
in dilutions of 1:10,000,000 and 
1:100,000,000 of the 12-in. level of 
sand. A dilution of 1:100,000,000 was 
consistently the highest dilution show- 
ing floc formation in this level. There 
was never any floc formation in sam- 
ples from the 18-in. and 24-in. levels 
in dilutions as low as 1:1,000,000. 
Referring to the foregoing data, it 
may be assumed that the minimum 
count of zoogleal bacteria at the sur- 
face and 6-in. levels was 100,000,000,000 
per gram of sand, and for the 12-in. 
level, 100,000,000 per gram of sand. It 
should be noted that these counts may 
only be considered to be the minimum 
counts, due to incomplete removal of 
the zoogleal films from the sand, in- 
complete dispersion of the bacteria 
from the zoogleal matrix, and perhaps 
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FIGURE 3.—Distribution of fecal streptococci in intermittent sand filter. 


some loss of the bacteria during wash- 
ing. 

Flagella stains of the dispersed floes 
showed the presence of medium rods of 
a noticeable uniformity in size: 1.5 
by 2.0 to 2.3 microns, with monotrichous, 
lophotrichous, and peritrichous flagel- 
lation. Lophotrichous flagellation was 
most often found. The flagella varied 
in length from 1 to 3 microns, regard- 
less of type. Capsule stains of the un- 
dispersed flocs revealed the presence 
of medium rods within the floceulant 
matrix. 


Miscellaneous Studies 


The decrease in numbers of coliform 
organisms was found to be continuous 
throughout the filter, with the greatest 
number occurring in the surface level 
of sand. Approximately 95 per cent 


of the coliform organisms present in 
the primary effluent were removed by 
passage through the filter. The fecal 
streptococci also exhibited a decrease 
from primary to final effluent, although 
not as marked as the coliforms. Coli- 
form organisms and fecal streptococci 
were present in all levels of sand, in 
the primary sewage applied, and in the 
final effluents. 

There is a possibility that, on the 
basis of more tests, the curves of de- 
crease of coliforms and fecal strepto- 
cocei (Figures 2 and 3) could be re- 
solved into straight lines, from which 
the mean concentration of either type 
of organism for any given depth of 
sand might be caleulated. It would 
appear that there should be some re- 
lationship between this mean concen- 
tration and the total removal of these 
organisms by the filter, but with the 
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data available at present no such re- 
lationship is apparent. 

Aerobacter aerogenes and Strepto- 
coccus faecalis were isolated from posi- 
tive tubes of the coliform and fecal 
streptococcus tests, respectively. Al- 
though no other coliform organisms 
were isolated, it cannot be assumed 
that they were not present. 

As a point of interest, although per- 
haps of slight importance, many of the 
lactose broth tubes exhibited a bright 
purple pigmentation. The organism 
responsible was isolated and identified, 
primarily because of the relative ease 
with which this was accomplished. It 
was found to be Chromobacterium 
ianthinum. Plate counts of this organ- 
ism never exceeded 10,000 per gram of 
sand and evidence of its presence was 
apparent only in the 18-in., 24-in. and 
30-in. levels of sand and in the final 
effluent. 

The examination for antibiotic-pro- 
ducing species, with particular em- 


phasis upon the Streptomyces sp. and 
other organisms generally regarded as 


soil forms, 
throughout. 


gave negative results 


Discussion 
General Heterotrophic Bacteria 


Extreme variation in plate counts 
of the species present and in total plate 
counts caused considerable difficulty 
throughout this study. 

It was found that the highest total 
plate counts, and counts for identified 
organisms, were obtained in the earlier 
plating series, which were made during 
November and December when the dos- 
ing rate was 300,000 g.p.a.d. and air 
temperatures were rather low. Con- 
sidering all factors, it would appear 
that high loading rates were respon- 
sible for the high counts obtained dur- 
ing those months. Strictly on a specu- 
lative basis, it should be noted that 
some investigators have attributed high 
bacterial counts in sewage in winter to 
a decrease in bacteria-eating plankton 
caused by the low temperatures. An- 
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other possibility is the higher death 
rate at warmer temperatures. All bac- 
terial counts obtained, after the ‘‘rest’’ 
period and with lower dosing rates, 
were found to be considerably less than 
in the earlier series. 

The occurrence of certain genera and 
species of the general heterotrophic 
bacteria at given levels of the bed was 
fairly consistent throughout the study. 
Members of the genus Flavobacterium 
were the most prevalent bacteria pres- 
ent at the 300,000-¢.p.a.d. loading rate 
in the surface, 12-in., and 18-in. levels 
of the filter, but were only the second 
most numerous in the 6-in. level. No 
demonstration of the presence of mem- 
bers of this genus could be obtained in 
the 24-in. and 30-in. levels. Flavobac- 
terium aquatile was the predominant 
species of Flavobacterium present in 
the surface, 6-in., 12-in., and 18-in. 
levels of the filter. 

Members of the genus Bacillus, at 
the 300,000-g.p.a.d. loading rate, were 
the most numerous types found in the 
6-in. and 30-in. levels, and were the 
second most numerous in the surface 
and 12-in. levels. At the 150,000- 
g.p.a.d. dosing rate the bacilli outnum- 
bered the Flavobacterium. Various 
species of this genus were found in 
every level of the filter, with the two 
most often found being Bacillus cereus 
and Bacillus alvei. Bacillus alvei was 
often rather troublesome, due to its 
variability in morphological, physio- 
logical, and cultural characteristics. 

At least one member of the genus 
Alcaligenes was found in all levels ex- 
cept the 12-in. and 30-in. levels. 
Alcaligenes bookeri was the most nu- 
merous organism of the 24-in. level and 
the second most numerous in the 18-in. 
level. The examination of a larger 
number of samples would possibly have 
given more valid results by showing 
Alcaligenes in greater or lesser number 
at all levels. 

Species of Streptomyces and No- 
cardia were present in various levels 
of the filter and constituted the less 
numerous group of the major genera. 
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Zoogleal Bacteria 


It was found that a majority of the 
zooglea-forming bacteria in the filter 
were located in the upper layers of 
sand. These organisms were present 
in the surface and 6-in. levels in ap- 
proximately the same numbers, as 
nearly as could be determined. Floe- 
culent growth was obtained in dilu- 
tions up to and ineluding 1:100,000,- 
000,000 in both levels, which indicates a 
minimum count of 100,000,000,000 
zoogleal bacteria per gram of sand. 
No visible flocs were formed at dilu- 
tions of 1:1,000,000,000,000 or higher. 

It is significant that the presence of 
floc-forming organisms was not de- 
tected below the 12-in. level of the 
filter, even when using the relatively 
low dilution of 1:1,000,000. This would 
seem to agree with the earlier observa- 
tions of the authors (4) in 
which he assigned the preponderance 
of the purification process to the first 
12 in. of sand on the basis of the 
protozoan population in this region. 

The apparent absence of appreciable 
numbers of these zoogleal bacteria be- 
low the 12-in. level may possibly be ex- 
plained by either, or both, of the fol- 
lowing conditions: (1) a lack of suffi- 
cient food materials in the 18-in. and 
24-in. levels to support a large popula- 
tion of these bacteria, due to the ae- 
tivity of the zooglea and other bacteria 
in the upper portions of the filter; and 
(2) because these zoogleal bacteria re- 
quire highly conditions for 
growth, there may be an insufficient 
supply of atmospheric oxygen below 
the 12-in. level. Inasmuch as nitrifica- 
tion occurs in the bed, it would appear 
that the first explanation is the more 
valid. The minimum count of zoogleal 
organisms at the 12-in. level was 
100,000,000 per gram of sand. No 
visible flocs were formed at dilutions 
of 1:1,000,000,000 or higher. 


one of 


aerobie 


Miscellaneous Studies 


The decrease in numbers of coliform 
organisms was continuous throughout 
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the filter. The greatest numbers oc- 
occurred in the surface level of sand 
(Figure 3). This is probably best ex- 
plained by the character of the sand 
at this level. The surface sand screens 
out the larger organic particles during 
filtration and after a _ considerable 
length of time, this organie matter 
forms a matted layer about 1/-in. 
thick, which acts as a highly retentive 
filter and aids in the removal of coli- 
forms. Reduction in numbers con- 
tinues at deeper levels of the sand, but 
the decrease is much less marked be- 
tween the lower levels than it is be- 
tween the surface and 6-in. levels. Me- 
chanical removal probably exerts the 
greatest influence in this picture, but 
the effect of adverse conditions for 
these organisms cannot be disregarded. 

Feeal streptococci were found in all 
levels of the filter and in the primary 
and final effluents. However, too few 
samples were examined to indicate more 
than just a very general trend. Only 


a 20 per cent reduction in their num- 
bers occurred during passage through 


the filter. This does not compare 
favorably with the 95 per cent removal 
of coliform organisms and the usual 98 
per cent removal of B.O.D. by the filter. 
A consideration of the results obtained 
shows that the fecal streptococci ap- 
parently have little value as indicators 
of the ability of the filter to remove 
the pollutional load. <A possible ex- 
planation for the lack of retention of 
these organisms may be their relatively 
small size. If such is the case, it fol- 
lows that a finer sand would produce a 
considerably higher removal of the 
streptococci. 

The tests for antibiosis on representa- 
tive species isolated during this study 
showed a complete lack of inhibitory 
powers. These results gave no support 
to the hypothesis sometimes offered that 
decreases in numbers of pathogenic 
and non-pathogenic enteric bacteria 
may be due in part to antibiotic action. 
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Physiological Properties of all Groups 
of Bacteria and Their Relation to 
Sewage Purification by Sand Fiitra- 
tion 
The composition of sewage varies 

considerably, depending upon _ its 
sources, but it has been established that 
sewage generally contains cellulose and 
other carbohydrates, proteins, fats, and 
urea, and decomposition products of 
all of these. These constituents render 
sewage a good culture medium for the 
growth of many types of microorgan- 
isms. 

The counts of the zoogleal bacteria 
were very high, suggesting their im- 
portance in the work of the filter. 
Studies by Wattie (17), Butterfield 
(3), and others indicate the ability of 
these organisms to adsorb and assimi- 
late organic matter of various kinds, 
including carbohydrates. This ability 
is thought to be due in large measure 
to the adsorptive properties of the cap- 
sule of the organisms. Food is thus 
concentrated in the flocs where, pos- 
sibly, it is worked on by other bacteria. 
However, as no physiological tests 
were made upon these bacteria, con- 
clusions of their value in this type of 
purification must be drawn from the 
numerous studies made by various au- 
thors. 

It was found that a majority (78 
per cent) of the more important gen- 
eral, aerobic, heterotrophic bacteria 
present in the filter possessed the 
power to hydrolyze gelatin, and 65 
per cent of these bacteria were able to 
peptonize milk. Approximately 35 per 
cent of the predominant species were 
able to utilize ammonium media as a 
source of nitrogen, whereas 52 per cent 
could not. Reduction of nitrates was 
accomplished by 48 per cent of the 
predominant species, but 48 per cent 
were unable to accomplish reduction. 
Fifty-seven per cent of all cultures 
decomposed not less than two differ- 
ent carbohydrates with the production 
of acid, 


BACTERIA IN SAND FILTERS 651 


The genus Bacillus was the most ac- 
tive, of all the predominant genera, in 
hydrolysis of gelatin, acid production 
from carbohydrates, and peptonizing 
milk. Members of the genus Flavobac- 
teritum produced hydrolysis of gelatin, 
but gave no indication of activity in 
carbohydrates. 

It should be mentioned that bacteria 
of the coliform and fecal streptococcus 
groups may play a more important role 
in the decomposition of certain con- 
stituents of sewage than is generally 
accepted. It has been demonstrated 
that members of both groups are dis- 
tributed throughout the filter, although 
usually found in small numbers when 
compared with other species of bac- 
teria present. Observation of the de- 
seriptive charts (4) for the coliform 
organisms will show that all are active 
in the fermentation of a number of 
carbohydrates. Certain of the coliform 
organisms generally found in sewage 
are proteolytic and many have the 
power to reduce nitrates. 

A comparison of the physiological 
properties of coliform organisms and 
fecal streptococci shows that the activity 
of the latter in carbohydrate metabo- 
lism is even greater than that of the 
coliforms (acid is produced, in most 
cases, in only 8 hr.) It is readily ob- 
served that these streptococci, regard- 
less of their small numbers, are capable 
of producing major changes in the 
carbohydrate content of the sewage in 
a rather short period of time. 

A general consideration of the 
physiological properties of all of the 
bacteria found during these studies 
will show that a wide variety of or- 
ganic compounds are utilized as a 
source of energy. In spite of the dif- 
ferences between laboratory conditions 
and those found in the filter, it is only 
reasonable to assume that many of the 
same physiological reactions are ex- 
tant in the filter. 

Since the manuscript of this article 
was submitted for publication, the re- 
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port of McKinney and Horwood (19) 
has appeared. It should be noticed 
that three genera of general hetero- 
trophs mentioned by them were found 
in the sand filters in the work herein 
reported; namely: Flavobacterium, 
Bacillus, and Nocardia. In the ease of 
the Bacillus, identical species were 
found to be significant; that is, B. 
cereus. It is possible that some of the 
zoogleal-forming bacteria enumerated 
in the work reported here may have 
been some of the forms discussed by 
McKinney and Horwood, but work now 
indicates that the floc- 
formers here reported as zoogleal bac- 
teria are similar to those reported by 
Wattie (17) in work already men- 
tioned. The similarity of the bacterial 
groups in activated sludge and in in- 
termittent sand filters needs further 
study and conclusions on the work 
done by these groups of organisms in 
the two processes cannot be drawn at 
this time. 


in progress 


Conclusions 


1. An increase in dosing rates pro- 
marked increase in the bac- 
terial population of the filter. 

2. Fourteen species of general hetero- 
trophic bacteria were isolated from 
various levels of the filter, with mem- 
bers of the Flavobacterium 
and Bacillus the predominant types. 

3. The higher dosing rate yielded re- 
sults showing Flavobacterium as the 
more predominant genus, but with the 
lower dosing rate (150,000 g.p.a.d.) the 
numbers of the genus Bacillus exceeded 
the Flavobacterium. 


duces a 


venera 


4. The presence of certain species at 


all times during the course of this 
study indicates that they are adapted 
to this environment and are earrying 
on metabolic processes. 

The presence of zooglea-forming 
bacteria in great numbers was demon- 
strated in the upper 12-in. of sand. 
The counts of these zoogleal bacteria, 
when compared with the counts of the 
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general heterotrophic bacteria under 
similar conditions of operation, showed 
that in most cases they outnumbered 
these general heterotrophic organisms. 

6. Decomposition of the usual con- 
stituents of sewage may be readily ex- 
plained by the physiological proper- 
ties and interrelationships of the more 
numerous species present in the filter. 

7. The greatest numbers of coliform 
organisms occur in the surface level of 
the filter, the number of these organ- 
isms decreasing with inereasing depth 
of sand. 

8. Feeal streptococci were found to 
exhibit no great decrease in number in 
the final effluent from those originally 
found in the primary sewage applied. 
A decrease was found in most levels 
of sand, although not as marked as in 
the case of the coliforms. 

9. There is at present no apparent 
relationship between the decreasing 
numbers of coliforms or fecal strepto- 
cocci with increasing depth of sand 
and their decrease between the sewage 
applied and the effluent from the filter. 

10. Coliform organisms and fecal 
streptococci may play an important 
part in the rapid decomposition of the 
carbohydrates found in sewage, as evi- 
deneed by their continuous presence in 
the filter and their great activity in 
carbohydrates under laboratory condi- 
tions. 

11. No results were obtained in sup- 
port of the view that decreases in 
enteric bacteria by sewage filters are 
due to the presence of antibiotic-pro- 
ducing microorganisms. 

12. There is a decrease in count of 
all species of bacteria as the depth of 
sand increases; however, all species do 
not decrease at equal rates. 
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SHALLOW CLARIFIER AT WHEATRIDGE, COLO. 


By Carrout H. Coperuy 


Consulting Engineer, Denver, Colo. 


The Wheatridge sewage disposal 
plant serves a district on the west 
boundary of Denver, Colo., and handles 
the sewage from about 30 mi. of sewers. 
The plant is a secondary treatment 
plant having standard trickling filters 
and provisions for the installation of 
secondary clarifiers as soon as the funds 
are available for this development. 

As there were no previous sewer fa- 
cilities and there were only 1,200 houses 
built out of the 5,000 houses possible in 
the area, it was decided to build the 
plant in units. The original construe- 
tion and the bond issue were to take 
care of the two units. This was divided 
into headworks, a pumphouse. and a 
digester large enough to handle two 
units. It was proposed to build two 
clarifiers and two trickling filters, but 
at the start only one clarifier and one 
trickling filter were built, with enough 
money left from the bond issue to build 
the second clarifier and trickling filter 
when it became necessary. 

Sewage enters the plant from an 18- 
in. sewer, passing first through a sand 
trap, then through a comminutor and a 
Parshall flume, where the flow is meas- 
ured and recorded on a flow chart in 
the pumphouse. The flow then goes to 
a division box that divides the sewage 
between two clarifiers. The overflow 
from the clarifiers goes to two sumps 
in the pumphouse, where two pumps 
on each sump alternate and pump the 
flow over the trickling filters. The 
sludge from the clarifier is pumped 
directly into a floating-cover digester. 
Sludge from the digester goes to six 
sludge drying beds. The effluent from 
the trickling filters can either be re- 
circulated through the clarifier or go 
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directly to the outfall weir. There is 
also provision at the division box to 
take the effluent from the filter to sec- 
ondary clarifiers when they are built. 

An interesting thing about this plant 
is the clarifier, which was built on a 
surface area basis. The area was ob- 
tained by the formula: 


\rea X 
Settling rate of particle 


Quantity 


A settling rate of 0.001 ft. per see. for 
peak flow was used, in accordance with 
the Stokes’ Law application previously 
advocated by Poepel (1)(2)(3) and 
Coberly (4). 

The standard calculations for this 
clarifier were not made. A peak flow of 
1.45 ecu. ft. per sec., or an amount 
equivalent to take care of 1,250 houses, 
was used. This was based on the actual 
water use in the district. 

The clarifier itself (Figures 1 and 2) 
has a 6-ft. diameter center compartment 
with walls extending to the bottom of 
the clarifier. The effluent enters the 
center compartment through a pipe in 
the bottom. A cone 2 ft. from the sur- 
face breaks up the influent velocity 
and distributes the flow evenly over the 
entire top of the center compartment, 
where it flows out over the center com- 
partment wall and under a baffle into 
the main settling chamber of the elari- 
fier. 

The sludge scraping mechanism is 
suspended from a traveling bridge. 
There are two scrapers—one in the 
center compartment and one in the set- 
tling compartment, so that the bottom 
of the clarifier is scraped clean at 
every revolution of the bridge. The 
bridge itself is carried on a center col- 
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umn and has two rubber-tired wheels 
6 in. in diameter and 3 in. wide travel- 
ing on the outside wall. One of these 
wheels is geared to a 14-hp. motor. 
The sludge is scraped around the clari- 
fier into a trough 12-in. deep extending 
from the center column into a sludge 
pit on the outside of the clarifier. In 
this trough a screw conveyor operates 
continuously, pushing the sludge into 
the sludge pit. A separate 14-hp. mo- 
tor drives the screw conveyor through 
a gear reducing box and a chain drive. 
The screw conveyor has a tendency to 
concentrate the sludge in the sludge 
pit and has at times raised the level of 
the water surface in the sludge pit as 
much as 3 in. above the water level in 
the settling compartment. 

The clarifier is only 4 ft. deep; it is 
42 ft. in diameter to the overflow weir. 
The wall on which the cleaning mecha- 
nism runs is 44 ft. in diameter. A steel 
baffle placed 1 ft. from the outside wall 
acts as an overflow weir for the settling 
compartment. Inside of this overflow 
weir a steel scum baffle holds back the 
grease in the settling compartment. 
The 1-ft. space outside the overflow 
weir acts as an auxiliary storage for 
the sumps in the pumphouse. 

A criticism that has been made of 
shallow settling tanks is that they are 
affected very much by wind currents. 
In this tank this has not been the case. 

One of the main features of the 
clarifier is the very long overflow weir. 
Design of the clarifier on an area basis 
necessitates a much longer weir than 
if based on detention time. The result 
of the long overflow weir is that the 
uprising current and the velocity of 
approach is not sufficient to carry sol- 
ids up and over the weir. Another 
feature of the tank is the complete kill- 
ing of the influent velocity in the cen- 
ter compartment, due to the cone, and 
the fact that bottom currents have been 
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eliminated entirely by carrying the 
center well wall to the tank bottom. 
The sludge scraping mechanism and 
the grease skimmer both work perfectly. 
There has never been a case, even 
with the low flow of 70 g.p.m., of septic 
sludge in the clarifier, as the sludge is 
removed completely at every revolution 
of the bridge, which takes about 15 
min. 

As the overflow weir is so long, the 
flow follows down the outside of the 
weir. It was early observed that a 
slime built up on the outside of this 
weir had the same characteristic as the 
slime in the filters, indicating that a 
certain amount of oxidation took place 
on the outside of the weir. 

The tests are not entirely conclusive, 
as they have not been made at regu- 
lar intervals and were not made on 
composite samples. Also, facilities were 
unavailable for any but suspended sol- 
ids tests. However, these tests, being 
grab samples and always taken at the 
peak flow, showed a consistent removal 
of 60 to 70 per cent. One test, after the 
clarifier was about 30 per cent over- 
loaded, showed 52 per cent suspended 
solids removal. 

The second clarifier is now under 
construction. Because of the excellent 
performance of the original clarifier, 
there was no question as to changing 
to another type of clarifier. 
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DETERMINATION OF ACTIVE CONTENT OF 
ANIONIC-TYPE DETERGENTS BY THE 
METHYLENE-BLUE METHOD 


interest.—Ed. 


In an effort to keep abreast of developments in all phases of the 
synthetic detergent problem, the Federation headquarters office has 
been in contact with the larger manufacturers of these materials. 
of the major obstacles to the intelligent investigation of the effect of 
syndets in sewage works has been the lack of analytical means for de- 
termining the concentration of active detergent present in the sewage. 
It is expected, therefore, that the method reported here, as modified 
by the research laboratory of a detergent manufacturer from a method 
originally reported by J. H. Jones in the Journal of the Association of 
Official Agricultural Chemists, 28, 398 (1945), will prove of considerable 


One 


In presenting this method it should 
be pointed out that it is for the de- 
termination of the active content of 
only anionic-type synthetic detergents. 
However, because the quantity of this 
type of syndet produced commercially 
far outweighs both the cationic and 
nonionic types, it would seem reason- 
able to assume that the bulk of the 
syndets present in sewage would be of 
the anionic type. 

Although use of the method for an 
unknown sample requires the assump- 
tion of a mean molecular weight for 
the detergent, the alkyl aryl sulfonate 
type of anionic detergent is so common 
that a value of 350 should approximate 
the mean molecular weight of the aver- 
age anionic detergent. 


Principle 


Sulfonated or sulfated surface active 
agents react with methylene-blue chlo- 
ride in aqueous acid solution to form 
a blue complex. This reaction may be 
represented by 


RSO,- + MB* > RSO,MB 


in which RSO,- represents the anion 
of the detergent and MB* the cation of 
the methylene-blue dye. This colored 


complex is soluble in chloroform and 
under suitable conditions can be 
quantitatively extracted from the aque- 
ous solution, the excess methylene-blue 
chloride remaining in the aqueous 
layer. The percentage of detergent 
can be calculated by measuring the 
optical density of the extracted solu- 
tion, using chloroform as a blank, and 
referring to a standard curve prepared 
from data obtained by using known 
amounts of the same type detergent. 
Although the accuracy of the method 
is not as great as desired, the method 
is useful for analyzing samples of low 
active content, preferably less than 2 
per cent. 


Details of Method 
1. Apparatus 


1.1. Separatory funnels, pear-shaped, 
125 ml. 

1.2. Volumetric flask, glass-stoppered, 
50 ml. 

1.3. Fisher electrophotometer, Model 
7-101AC, equipped with a 650-mxz. fil- 
ter and micro cells. 


2. Reagents 


2.1. Chloroform, 
(Merek). 


U.S.P. grade 
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2.2. Methylene-blue chloride, 0.1 per 
cent aqueous solution. Dissolve 0.100 
g. of methylene-blue chloride (Na- 
tional Aniline Div., Allied Chemical 
and Dye Corp.) in distilled water and 
dilute to 100 ml. 

2.3. Hydrochloric acid, ¢. p., coned., 
sp. gr. 1.19. 

2.4. Cotton. A non-sterile, non-surgi- 
cal bleached variety similar to that dis- 
tributed by Johnson and Johnson, Chi- 
cago, Ill. 


3. Procedure 


3.1. Prepare an aqueous solution of 
the sample to contain between 50 and 
300 gammas of active content per milli- 
liter (see 5.1) and pipette 1 ml. of 
this solution into a 125-ml. separatory 
funnel containing 20 ml. of distilled 
water. Add, in the following order, 3 
to 5 drops of concentrated HCl, 1 ml. 
of methylene-blue chloride solution, 
and 20 ml. of chloroform. Shake for 
1 min. and let stand until the two layers 
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have separated. Draw off the chloro- 
form layer into a second separatory 
funnel and repeat the extraction of the 
aqueous solution with a second 20-ml. 
portion of chloroform (see 5.2). Com- 
bine the two chloroform extractions in 
the second separatory funnel. Add to 
the combined extracts 20 ml. of dis- 
tilled water containing 3 drops of con- 
centrated HCl, shake for 1 min., and 
allow the chloroform layer to settle. 
Filter the chloroform layer through a 
small wad of cotton placed in a dry 
funnel and collect the filtrate in a 50- 
ml. volumetric flask. Wash the cotton 
with chloroform, collecting the wash- 
ings in the volumetric fiask, but do not 
exceed a total volume of 50 ml. Make 
up to the mark with chloroform and 
mix thoroughly. 

3.2. Measure the optical density of 
this solution (see 5.3), against the 
chloroform as a blank, in the electro- 
photometer using the 650-mz. filter and 
the micro cells. Obtain the gammas of 
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FIGURE 1.—Optical density by electrophotometer at a wavelength of 659 mz. against 
chloroform blank using micro cells. 
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active material present in the aliquot 
by referring the density reading to a 
graph of the type shown in Figure 1], 
prepared by plotting the optical den- 
sity readings of solutions of known ac- 
tive content (varying from 0 to 300 
gammas) against the gammas of active 
contained in the corresponding solu- 
tions. 


{. Calculations 


4.1. The concentration of active ma- 
terial in the sample can be calculated 
from 


GX 100 


W x 1,000,000 


= % active 


where G represents the gammas of ac- 
tive and W represents the grams of 
sample in the aliquot taken. 


5. Note 


5.1. For samples of unknown active 
content, a preliminary test should be 
made. If this test indicates an active 
content too high for the calibration 
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curve, dilute the colored solution with 
chloroform to obtain a solution of 
proper optical density. From the dilu- 
tion requirements, the size of sample 
to be taken for analysis can be caleu- 
lated. 

5.2. The addition of an excess of 
methylene-blue chloride in step 3.1 is 
necessary in order to be assured that 
all of the detergent is converted to the 
blue complex. This condition is indi- 
cated by a blue color of the aqueous 
solution at that point of the procedure. 

5.3. All photometric measurements 
should be made within one-half hour 
after the preparation of the solution, 
due to the instability of the blue com- 
plex when exposed to light. 

5.4. Cationic-type surface active 
agents interfere with this determina- 
tion, but their presence in combination 
with anionic-type detergents is not com- 
mon. Soap in relatively high concen- 
trations has only a slight effect on the 
result; 5 mg. of soap corresponds to 
about 0.02 mg. of sulfonate. 
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RAG, ROPE, AND JUTE WASTES FROM SPECIALTY 
PAPER MILLS * 


II. Load Distribution and Effect on Total Mill Effluent 


By anp N. L. NeMERow 


Rutgers University, New Brunswick, N. J. 


In a previous paper (1) it was shown 
that the wastes produced from specialty 
paper mills amount to 73,000 gal., con- 
taining dissolved organic wastes with 
about 750 lb. of B.O.D., per ton of pa- 
per. Studies of the distribution of the 
B.O.D., suspended solids, and total sol- 
ids in the cook liquor and progressive 
washings were made to determine 
whether all of the wash water must be 
treated along with the cook liquor. 
Also, some effects of these wastes on 
the characteristics of the total mill 
effluent are illustrated. 


Pollutional Load of Cook Liquors 
and Wash Waters 


The percentage of the total pollu- 
tion load contributed by the cook liq- 
uors and wash waters was determined 


TABLE I.—Relative Percentages of Total 
B.O.D, and Suspended Solids in Cook 
Liquors and Wash Waters 


Type of Waste Volume 


B.O.D. Susp. Sol. 
(%) 


Jute cook Be 37 16 
Jute wash 93. 63 84 
Rope cook J 18! 2 
Rope wash 97. 82 98 
Rag cook ; 50 17 
Rag wash Q 50 83 


1 Because B.O.D. of rope wash water varies 
considerably, this may be as high as 47 per 
cent. 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 
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by using the closely estimated flow fig- 
ures of each waste, determining their 
individual pollutional loads, and then 
combining these results to obtain the 
actual loads discharged in each total 
waste. It is significant that the pollut- 
ing nature of the cooking liquors re- 
sults from their relatively high con- 
centration of B.O.D. and not from 
their suspended solids concentration 
(Table I). However, the beater-water 
wastes can be considered as stream pol- 
lutant because of their B.O.D. and sus- 
pended solids concentrations. Although 
the jute cook liquor represents only a 
volume of 6.3 per cent of the total 
cook and wash flow, it contains 37 per 
cent of the B.O.D. and 16 per cent of 
the suspended solids. Rope cook liquor, 
representing a flow of only 2.8 per cent 
of the total cook and wash waste, con- 
tributes 18 to 47 per cent of the B.O.D. 
and only 2 per cent of the total sus- 
pended solids. The rag waste illus- 
trates the strength of the cooking liq- 
uors. Whereas the cook liquor waste 
represents a volume of only 1.8 per cent 
of the total, it contains 50 per cent 
of the total B.O.D. and 17 per cent of 
the total suspended solids. It is evi- 
dent that the small volume of cook 
liquor can contribute up to 50 per cent 
of the total B.O.D., but the large vol- 
ume of wash water used contributes 
half or more of the total B.O.D. and 
at least 83 per cent of the total sus- 
pended solids. 
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TABLE II.—-Load Distribution in Cook Liquors and Progressive Beater Wash-Water Wastes 


| Washing 
Time 


B.O.D. (%) 


Total Sol. (&%)! | Susp. Sol. (%)! 


(hr.) 
Jute 


0 (cook) } 47 
| 74 | 68 
| 80 
| 90 
94 
96 
98 
100 


1 Percentage of total accumulation. 


Total Load Contributed by Cooking 
Liquors and Progressive 
Washings 


Composite samples of rag, rope, and 
jute mill wash waters were taken dur- 
ing the washing cycle and their pro- 
gressive B.O.D., total solids, and sus- 
pended solids loads ealeculated (Table 
Il). A graphical illustration of the 
percentage of total cook liquor and 
wash-water flow that must be included 
in treatment plans for a definite per- 
centage of the total pollutional load, is 
shown in Figure 1. It is of consider- 
able significance that the distribution 
of B.O.D. in the cook liquors and com- 
bined progressive washings is different 
from the suspended solids distribution, 
because the removal of both B.O.D. and 
suspended solids is necessary for effi- 
cient and complete treatment. Hence, 
the volumes of wastes representing at 
least 90 per cent of these types of pol- 
lution must be ineluded. Some 90 
per cent of the total B.O.D. is present 
in the first 35 per cent of the total 
flow, whereas 53 to 84 per cent of the 
total flow contains 90 per cent of the 
suspended solids. The reason is that 
B.O.D. is contributed mainly by dis- 
solved and colloidal impurities 
sorbed on the cooked fibers and easily 
removed at the start of washing, but 
the suspended solids, arising from the 
continuous beating of the cooked fibers 
to shorten them to the desired length, 


ab- 


| 
Rope 


| 
| Rope | Jute | Rope 


| 4 

34 
| 54 
| 75 
| 84 
| 87 
93 
100 


are discharged during the entire wash- 
ing eyele. If the first hour of wash 
water is included with the cooking 
liquor, 90 per cent of the B.O.D. is in- 
cluded in only 27 to 45 per cent of the 
total flow. The second hour of wash 
water contains mainly suspended sol- 
ids that can be settled, and the third 
hour of wash is so weak that its treat- 
ment may be neglected. A study of 
the load distribution curve from an- 
other rope mill showed that, despite 
the variation in cooking and washing 
processes, it was almost identical with 
the first rope mill, indicating that the 
variation from mill to mill is no greater 
than the variations occurring within a 
certain mill. 


Effect of Wastes on Total Mill 
Effluent Character and 
Primary Treatment 


Jute cook and wash-water wastes af- 
fect the total mill effluent, as well as 
the suspended solids reduction by plain 
sedimentation. This is shown by the 
following average results obtained in 
actual pilot plant experiments: 


Jute Cook 
and Wash 
Wastes 
Present 


Methyl | 
Orange 
Alkalinity 
(p.p.m. 
CaCOs,) 


| Susp. 
B.O.D. |_ Solids 


(p.p.m.) | Reduction 


No 3-6. 
Yes 3.3-10. 130 68 


| 

ee w Jute Rope Rag Rag Jute Rag 

28} 18 | 65 61 | 52] 25 | 25 

16.7 | 10.9) 8.6 | 77 64 76 | 62 56 33 
25.9) 19 | 143 | 83 77 | 83 70 | 71 | 42 

14.5| 35.2| 26.9 | 92 | 88| 90] 79 | 88 | 50 

63 | 51.5] 39.4 96 93 93 85 | 93 | 65 

: 81.3 | 67.6 | 51.8 98 97 95 89 | 97 | 71 if 

100 | 83.9 | 64.3 99 100 98 91 | 100 

i . - |100 | 76.8 99+] — 100} 94] — | 82 

| | 89.3 | 34 99+} — | — | 96 91 : 

- — | 100 |4 | | - |100 

ge 

| | | 

| 

pH | 

— 
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FIGURE 1.—Distribution of suspended and total solids and B.O.D. with progressive 
wash-water volume. 
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AIOURS OF SAMNPLIME 


FIGURE 2.—Correlation between alkalinity and B.O.D. of rope mill effluent. 


The presence of the jute cook and wash 
wastes increases the variation in total 
mill pH and methyl orange alkalinity, 
increases the average pH value and 
B.0.D., and decreases the suspended 
solids reduction by plain sedimentation. 
secause, in general, high alkalinity 
causes dispersion of finely divided mat- 
ter, it is possible that the extreme vari- 
ation in pH of the mill effluent from 
hour to hour has an adverse effect on 
the mechanical coagulation and floccu- 
lation of the suspended particles. 

Jute cook and wash wastes also af- 
fect the chemical coagulation with lime 
of the total mill effluent, as shown by 
the following condensed summary of 


average results obtained in pilot plant 
experiments: 


Methyl Orange 
Alkalinity 
(p.p.m. CaCOs)| B.O.D. 
(p.p.m.) 


Susp. 


Solids 


Range | Average’ 


6-55 | 26 
0-80; 40 


2.5-7.1 
2.5-9.6 


The results illustrate that the dis- 
charge of jute cook and wash wastes 
causes considerable variation in pH 
and alkalinity of the total mill waste 
despite the mixing and equalization in 
an open flume and a flash mixing cham- 
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ber, and causes an increase in alka- 
linity and B.O.D. of the total mill 
effluent, as well as a decrease in the 
reduction of suspended solids after 
lime treatment. The probable reason 
for the decrease in suspended solids 
reduction is that the cook and wash 
wastes affect the pH value of the mill 
waste and addition of lime results in 
temporary overdoses and some disper- 
sion. 


Effect of Rope Cook and Wash 
Wastes on B.O.D. and Alka- 
linity of Total Mill 
Effluent 


Composite hourly samples of the com- 
bined mill effluent from a large rope 
mill were collected for a 24-hr. period. 
The alkalinity and B.O.D. values of 
these samples, considered to be corre- 
lated, are plotted in Figure 2. In 
general, when the alkalinity of the mill 
effluent increased, the B.O.D. increased, 
but not in direct proportion to the 
increase in alkalinity. The increase in 
alkalinity and B.O.D. was the result 
of an increased proportion of the cook 
liquor and beater wash wastes in the 
total mill effluent. Other mill wastes 
discharged simultaneously can alter the 
extent of the B.O.D. increase. It is 
possible for a mill to secure alkalinity 
and B.O.D. values of the mill effluent 
for a considerable period of time and 
by the use of an average curve approxi- 
mately predict the B.O.D. of the efflu- 
ent from the alkalinity values. Such 
a procedure would save the mill time, 
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expense, and labor, but the percentage 
deviation occurring between the pre- 
dicted value and the actual B.O.D. 
value must be determined by collection 
of a number of samples and analyses 
for alkalinity and B.O.D. to insure the 
accuracy of the method. 


Summary 


An investigation of the load distri- 
bution in the cook and wash wastes of 
a specialty paper mill showed that the 
treatment of only the cook liquor and 
the first hour of wash water would in- 
clude 90 per cent of the total B.O.D. 
in only about 36 per cent of the total 
combined cook liquor and wash-water 
waste flow. The small-volume cook 
liquor can contribute up to 50 per cent 
of the total cook liquor and wash- 
water waste B.O.D., but little of the 
suspended solids. Jute cook and wash 
wastes increased the range in pH and 
alkalinity, increased the B.O.D., and 
reduced the suspended solids redue- 
tion by plain sedimentation and lime 
coagulation of the total paper mill 
effluent. Rope cook and wash wastes 
caused an increase in B.O.D. and alka- 
linity in the total paper mill effluent. 
A method of determining B.O.D. of the 
mill effluent from its alkalinity value 
is suggested. 
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Stream Pollution 


ANALYSIS OF POLLUTED WATERS CAPABLE OF 
PHOTOSYNTHESIS 


By W. E. Asporr 


Chemist, 


When a full bottle of settled sewage 
is exposed to light it becomes very 
septic. It usually becomes black and 
may contain much dissolved hydrogen 
sulfide. Ultimately it turns green and 
the green becomes more intense. After 
a time oxygen gas is evolved in the 
light. A profound qualitative change 
has oecurred. The senses reveal that 
the liquid has become innocuous. Mi- 
croscopic examination shows that the 
green color is due to small chlorophyll- 
containing organisms. Much of the 
original organic matter has disappeared 
and much of the resulting carbon di- 
oxide and carbon dioxide from other 
sources has been synthesized into or- 
ganie matter. Above all, a liquid with 
a strong dissolved oxygen demand at 
all times has been converted into one 
which actually evolves oxygen in the 
light. The transformation can be ae- 
celerated by inoculation with green or- 
ganisms. The attempt to exploit this 
transformation at Nottingham has been 
described (1). 

The usual methods of sanitary chemi- 
cal analysis do not reveal the beneficial 
extent of these great qualitative 
changes; neither are they very helpful 
for the purposes of record or control. 
It is true that the B.O.D. test usually 
shows a large decrease when the change 
takes place in a settled sewage, but an 
increase very often results when a river 
water is exposed. The suspended mat- 
ter and acid permanganate methods 
often record increases. They cannot 
differentiate between recently syn- 
thesized organic matter and that which 
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has been through the sewers. The 
B.0.D. test often shows a loss of oxy- 
gen when there is reason to believe that 
an inerease of dissolved oxygen will 
actually result in the river. 

It was felt that a new index must 
be devised which varied in an intelli- 
gible way with the results of observa- 
tion. The principal measurable change 
in a polluted water in which green or- 
ganisms are growing is the increasing 
ability to photosynthesize oxygen in the 
presence of the necessary nutrients. 
Therefore, it was decided (2) to meas- 
ure the changes in the dissolved oxygen 
of portions of the suitably diluted sam- 
ple after simultaneous incubation for 
comparatively short periods in the dark 
and in a source of light. It was neces- 
sary to standardize the illumination, 
as the rate of photosynthesis is de- 
pendent, within limits, on it. Exposure 
near a source of electric light proved 
disappointing, owing to heating effects. 
It was finally decided to use diffused 
daylight and to measure it by the re- 
lease of iodine in a mixture of potas- 
sium iodide and sulfurie acid. 


The Hydrogen Iodide Actinometer 


The light falling on the exposed bot- 
tle is measured by placing another 
bottle containing a mixture of sulfuric 
acid and potassium iodide beside it. 
Iodine is produced at a rate depending 
on the intensity of the light. Titration 
gives an integrated figure for the 
amount of incident light during the ex- 
posure. The device is known as an 
actinometer. The iodine produced by 
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exposing a standard mixture out of 
doors has been used for many years to 
record atmospheric conditions (3). A 
more sensitive mixture is required for 
use indoors or when immersed in turbid 
waters. Investigation showed that the 
rate of production of iodine increased 
with rising concentration of either re- 
agent. A mixture of 40 ml. of 5 per 
cent potassium iodide and 40 ml. or 
normal sulfuric acid was finally 
adopted. The clear glass bottles used 
are of about 115-ml. capacity, stand on 
3-em. bases, and have glass stoppers. 
The mixture is supposed to be stable to 
light in the complete absence of air 
(4). It is advisable, therefore, to satu- 
rate both solutions with oxygen by 
shaking in the air immediately after 
preparation. The solutions should be 
made with glass-distilled water, as cop- 
per interferes. 


Recommended Procedure 


Two 300-ml. glass-stoppered bottles 
are filled with the suitably diluted 
mixture. One is placed in diffused day- 
light, the other in the dark. An actino- 
meter bottle containing 40 ml. of 5 
per cent potassium iodide and 40 ml. 
of N sulfurie acid is placed beside the 
exposed bottle. After 4 hr. the dis- 
solved oxygen is determined in both 
bottles and the actinometer bottle is 
titrated with N/40 sodium thiosulfate. 
The difference between the oxygen 
residuals is assumed to be the gross 
oxygen photosynthesized. An exposure 
causing the liberation of 4.0 ml. of 
N/40 iodine is taken as the standard 
amount of light and the actual observed 
oxygen difference is calculated to this 
value by 


x Degree of sample dilution 


in which ¥ is the gross oxygen photo- 
synthesized by the sample, 0, is the 
final dissolved oxygen concentration in 
the exposed bottle, Og is the final dis- 
solved oxygen concentration in the 
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bottle kept in the dark, and A is the 
actinometer titration in ml. of N/40 
thiosulfate. 

The degree of dilution should be 
chosen so that the value of O, does not 
much exceed 20 p.p.m. This will usu- 
ally supply sufficient sources of carbon 
dioxide for the organisms. Variation 
of the degree of dilution within these 
limits had little effect on the value of 
Y when using a diluting water with an 
alkalinity to methyl orange of 180 
p-p.m. Owing to the supersaturation 
which often occurs in the exposed bot- 
tle, it has been found best to use the 
azide modification of the Winkler 
method of determining dissolved oxy- 
gen (5). There is some danger of 
losing gas with the larger number of 
manipulations in the Rideal-Stewart 
modification. 

Table I records a test in which the 
value of Y was determined in light of 
varying intensity by exposing a 2um- 
ber of identical bottles and actinometer 
bottles in different parts of a room. Y 
is not sensitive to comparatively small 
variations on each side of an iodine 
release of 4.0 ml. of N/40 thiosulfate. 
With experience, the bottles can be so 
sited that the titer at the end of ex- 
posure is not far from the desired 4.0 
ml. 


Alternative Procedure 


The 5-day B.O.D. test is so well es- 
tablished it was felt that some modifica- 
tion in which the bottles were illumi- 
nated during the test would be more 
acceptable to others in dealing with 


TABLE I.— Dependence of Y on the Amount of 
Light Actually Received During Exposure 


Actinometer 

Iodine Increase in D. O. y? 

Release (p.p.m.) (p.p.m.) 
| 


(ml.)! 


| 
3.15 
6.47 
8.05 | 


MI. of N/40 thiosulfate. 
? Calculated to 4.0 ml. N/40 thiosulfate. 


= 
4.0 2 
Y = (0, — 04) — 
1.9 3.0 
2.3 5.5 
4.5 5.5 
5.6 5.8 
| 
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polluted waters containing agents ca- 
pable of photosynthesis. The follow- 
ing procedure has accordingly been 
evolved: 


After dilution, the bottle is placed 
in the dark incubator as usual. On 
the following day it is exposed in dif- 
fused daylight alongside an actinom- 
eter bottle until the iodine release of 
the latter is judged to be 4.0 ml. N/40 
thiosulfate by comparison with a blank 
containing this amount of iodine and 
the same amount of acid as used in the 
test. This procedure is repeated on 
two subsequent days. Tests have 
shown that the results are not ma- 
terially influenced by whether these 
two exposures are on the second and 
third, the second and fourth, or the 
third and fourth days. This allows 
some latitude in avoiding Sunday 
work. The third exposure should 
terminate at least 18 hr. before the end 
of the 5-day period. This procedure 
has the advantage that the temperature 
is under control in the incubator for 
most of the 5-day period. Samples 
which are very green usually show an 
increase in the dissolved oxygen over 
the 5-day period. In such eases, the 
dissolved oxygen change is shown as 
negative, as the normal loss of oxygen 
in the standard test is shown as a posi- 
tive loss. The result, whether positive 
or negative, has been called the ‘‘il- 
luminated oxygen demand”’ (or I.0.D.) 
for the purposes of subsequent discus- 
sion in’ this paper. 

The amount of light received in the 
course of the three exposures during 
the test is believed to be less than the 
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average amount in the Trent River be- 
low Nottingham. This belief is based 
on the results of a limited number of 
exposures of actinometer bottles in the 
river. 


Variation of the Suggested Parame- 
ters during the Growth of Green 
Organisms in a Sewage Liquid 


Table II shows the progressive 
changes in Y and the I[.0.D. when a 
filtered sewage seeded with Chlorella 
was exposed to light in a number of 
full stoppered bottles. The bottles 
were withdrawn for analysis at inter- 
vals as changes became visible and the 
contents were thoroughly mixed before 
analysis. It is seen that Y increased 
from zero to 78 p.p.m. and the 1.0.D. 
changed from 182 to —126 p.p.m. 
Other analytical values are given for 
comparison. The standard B.O.D. fell 
from 186 to a minimum of 70 p.p.m. 
and then rose slightly. The increase in 
the non-volatile suspended matter is 
usual in this type of experiment. It 
is more probably due to a change in 
the carbonate equilibrium than to fixa- 
tion of soluble mineral matter by the 
organisms. 


Discussion 

Y is the gross oxygen photosyn- 
thesized under standard conditions, 
expressed in parts per million. It ex- 
presses the aggregate effect of all the 
chlorophyll-containing organisms in a 
mixed culture on a common seale. The 
standard conditions have been in use 
for 4 yr. and have undergone consider- 
able modification in the light of ex- 


TABLE II.—-Effect of the Growth of Chlorella in a Filtered Sewage 


1.0.D. 


5-day 
p.p.m.) B.O.D. 


p.p.m. 


At Start 182 
I 26 —37 

il 

Ill 


186 


Suspended Matter 


Non-Vol. 
p.p.m.) 


10.0 
60.0 


Alkalinity (p.p.m.) 


Methyl 
Orange 


Ammon. 
N 


Phenol- (p.p.m. ) 


phthalein 


Total 
(p.p.m.) 


72.0 


Nil 

10 
85 
90 


10 | 


237.0 
350.0 


| 
| 
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perience. In particular, the period of 
exposure has gradually been reduced 
from 2 days to 4 hr. The procedure is 
strongly recommended. 

The illuminated oxygen demand pro- 
cedure previously described is compli- 
cated and requires more attention than 
is customary in a routine test. Ex- 
amination of a number of green efflu- 
ents from the Nottingham irrigation 
areas has shown that the algebraic dif- 
ference between the B.O.D. and the 
I.0.D. is roughly proportional to the 
gross oxygen photosynthesized (Y) in 
the shorter test. On the average, B.O.D. 
—1.0.D.= 2.6 Y. The advantages de- 
rived from the resemblance of the 
1.0.D. test to the B.O.D. test are il- 
lusory. Conditions in a river are so 
complex that no test can be accurately 
devised to reproduce them. In any 
event, a different amount of illumina- 
tion would be required for each set of 
circumstances. If it be desired to allow 
for the ability to photosynthesize on the 
oxygen status of a stream, a formula 
based on the B.O.D. and Y could be de- 
vised for each case. There is a limit to 
the realism which can be imparted to 
modifications of the B.O.D. test. 

It is believed that in certain circum- 
stances credit should be given for abil- 
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ity to produce oxygen in the light in 
assessing effluents. 


Summary 


The oxygen photosynthesized by ex- 
posure to a definite quantity of day- 
light, as measured by the hydrogen 
iodide actinometer, is recommended as 
a means of classifying polluted waters 
in which chlorophyll-containing organ- 
isms have developed. 
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THE OPERATOR’S CORNER 


ConpucTEeD BY HERBERT P. ORLAND 


FROTH FORMATION AND SYNTHETIC DETERGENTS 
By W. N. WELLS AND C.. H. ScHERER 


Superintendent and Chemist, Sewage Treatment Plant, San Antonio, Tez. 


Froth * formation has long been 
known to be a problem which shows 
up from time to time in the treatment 
of sewage in activated sludge plants. 
With the advent of synthetic deter- 
gents a few years ago, and their in- 
creasing popularity, there has been 
some feeling that those agents, because 
of their exceptional sudsing properties, 
might be acting to increase the froth- 
ing difficulties encountered. 

Because of the current interest in 
this subject, an investigation was un- 
dertaken with two points in mind: 


1. How can the formation of froth 
during treatment be controlled? 

2. Do synthetic detergents contrib- 
ute to frothing? 


The resultant findings were that, for 
the conditions in the San Antonio 
plant, (a) frothing can be controlled 
by maintaining a sufficiently high con- 
centration of mixed liquor solids in the 
aeration tanks and (2) the addition of 
high concentrations of synthetie de- 
tergents did not cause frothing. 


Control of Frothing 


From personal experience and from 
comments in the literature (1) the 


*The term ‘‘froth’’ has purposely been 
adopted by THis JourRNAL in referring to the 
aeration tank problem as distinguished from 
the ‘‘foam’’ problem at sludge digestion 
units. It is hoped thus to preclude confusion 
in terminology. The two 
tially synonymous in 


‘ 


words are essen- 
dictionary definition, 
which is considered to justify this arbitrary 
decision with regard to their application. 


tendency for a low recycled solids con- 
tent to result in the occurrence of 
froth was known. So, also, was the 
value of a high solids content in pre- 
venting froth formation. Accordingly, 
the first approach was to determine 
the relationship between solids content 
and frothing under the conditions en- 
countered in the San Antonio plant. 
To carry out this study, the content 
of reeyeled solids was controlled and 
appropriate observations were made 
on the accompanying frothing tend- 
ency. A discussion of this work fol- 
lows. 

The San Antonio sewage treatment 
plant consists of two independent 
units operating in parallel and treat- 
ing a total of about 50 m.g.d. of raw 
sewage. Both units treat the effluent 
from primary sedimentation in diffused 
air aeration tanks. The tests were 
conducted on the newer of these two 
units—the West Plant—which consists 
of seven passes operating in parallel. 
All of the passes receive return acti- 
vated sludge from a common channel, 
the flow of sludge to each pass being 
controlled by a gate valve. Thus, it is 
possible to adjust the solids content of 
any given pass to a desired level. The 
investigation was made on one pass, 
using the other six passes as a control. 
Prior to the beginning of the test 
the plant had been running at the 
relatively high suspended solids level 
of about 3,000 p.p.m. without froth 
forming on any of the tanks. Table I 
shows the results over a period of days 
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TABLE I.—Effect of Mixed Liquor Solids 
Content on Froth Formation! 


Date 


Mon., 10/22/51 


Tues., 10/23/51 
Wed., 10/24/51 
Thurs., 10/25/51 


8:00 am 


| 9:00 AM 
| 9:00 am 


! Solids in the control tanks ran from 1,600 to 
2,400 p.p.m. during these tests and no froth 
appeared on any of the controls. 


when the solids content was dropped 
from 2,600 to 800 p.p.m. and then 
brought up to 1,300 p.p.m. again. It 
may be seen that when they fell be- 
low 1,400 p.p.m. froth began to appear. 

Over the next weekend the solids 
were lowered to a level of 80 p.p.m. and 
then, starting on Monday, they were 
gradually raised to a level of 2,000 
p.p.m. As they increased, there was a 
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TABLE II.—Effect on Froth Formation of 
Increasing Mixed Liquor Solids 
Concentration ! 


Date Hour 


Mon., 10/29/51 
Tues., 10/30/51 
Wed., 10/31/51 


9:00 am 
8:00 am 
8:00 am 
10:00 am 
1:00 pm 
3:00 pM 
6:00 pM 
9:00 pM 
12:00 
3:00 am 
6:00 am 
9:00 AM 
1:00 pm 
8:00 am 


Thurs., 11/1/51 


Sk 


None 


Fri., 11/2/51 None 


1 Solids in the control tanks ran from 1,800 to 
2,400 p.p.m. during these tests and no foam 
appeared on any of the controls. 


corresponding decrease of the froth 
level until none existed after the solids 
had passed a value of 1,300 p.p.m. 
(see Table IT). 

For conditions prevailing in the 
plant at the time of the test, a solids 


we 


FIGURE 1.—Effect of low suspended solids (200 p.p.m.) in test pass (left) compared 
with normal suspended solids (2,400 p.p.m.) in control pass (right); no synthetic detergent 


added; influent at far end. 


= 
Froth 
Susp. Sol. 
Hour | Susp. Sot | Froth 
(p.p.m.) (in.) 
1:00 pm | 1,900 None | 80 
| 3:00 pm | 1,400 None 200 
| 5:00 pm| 1,100 4 | 100 
| 7:00 pm} 1,100 14 | 130 
| 9:00 900 | 24 | 345 
11:00 pm 800 36 | 700 
mm 600 36 | 1,000 
1,300 14 | | 1,000 
1,150 
1,300 
1,600 | 
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TABLE IJI.—Relation of Synthetic Detergent Content to Froth 


| Flow Through Test | 
Pass in 5 Hr, 
(m.g.) 


| | 
Mixed Liquor | 
Susp. Sol. 
usp. Sol Syndet! Added 
During Test | 


j 
R R | | Test Pass |Control Pass} 
aw | e- | 


| Sew- turn 
age | Sludge 


Total|— | 
| 
| Min. | | Max. | Min. | Max 


3,800 


Ib.) | (p.p.m.)?} Test Pass 
0.400 | 1.066] 3 200) 3,800) 3,200 | 106 | | Practically no froth 


| Fig. 2). 
No froth (Fig. 3a). 


0.666) 


0.918} 0.372 | 1.290) 3 
| 


| 1.306! 2,700] 


200) 3,f 00! 3,900 526 


3, 200 | 


| 
0.918) 0.388 Practically no froth 
Fig. 4a). 

Very slight froth at 
point of addition, 
less as liquor pro- 
gresses through 
pass (Fig. 5). 

Almost no froth 
(Fig. 6a). 


| 
2,700 | 3,600) 1,050 
| 
3,000} 2,700 


| 
| 


0.878) 0.388 | 1.266 2.700) | 3,000 050) 250 
| 


| 
2,500 | 2,800) 1,050 | 


56) 2,600) 3,000) 


| 
| 


| 
| 


2) 0.364 | 


0.863) 0.146 | 1.009 _ 1,000; 1,400 


Small amount of 


| froth (Fig. 7a). 


| 
750 | 
| 


! Pounds of synthetic added represent bulk detergent (Tide). 
Added syndet (Ib.) 


~ Mixed liquor flow during test period (m.g.) X 8.33" 
3 In photographs, influent enters tank at end farthest from camera. 
‘This test discontinued after 2-hr. period, 

test and was showing substantially the same results. 


? P.p.m. cone. 


level of about 1,400 was sufficiently 
high to prevent frothing. These results 
are in general agreement with previous 
experience and fit in with the observa- 


1941, before the 


cause foaming 


tions of Edwards (1), 
synthetic 
problem became important, 
if the 


Results? 


_Control Pass 
P. rac ally no froth 
2) 


Prac ste ally no froth 
(Fig. 3b). 

Practically no froth 

Fig. 4b). 

No froth at influent 
end, some as liquor 
progresses through 
pass (Fig. 5). 


| Very slight froth and 

| more as liquor pro- 
gresses through pass 
(Fig. 6b). 

Small amount 
froth (Fig. 7b). 


as it followed immediately upon the 97-p.p.m. 


‘In 
detergent 
we could 
aeration solids 


who said, 


FIGURE 2.—Test pass (left) and control pass (right) after adding 12 p.p.m. synthetic 
detergent; suspended solids in both passes, 3,200 to 3,800 p.p.m, 
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FIGURE 3.—Test pass (a) after adding 49 p.p.m. synthetic detergent; no detergent added 
to control pass (b); suspended solids in both passes, 3,200 to 3,900 p.p.m. 


were in the vicinity of 800 to 1,000 
p.p.m. Although this is too low, ordi- 
narily, for activated sludge, we would, 
on occasion get into that range.’’ 

The extent of the frothing as caused 
by extremely low solids content (200 
p.p.m.) is shown by Figure 1. 


Effect of Syndets 


The tests involving synthetic deter- 
gents were made on the same pass used 
for studying the effect of solids varia- 
tion, the adjacent pass serving as a 


control. In this work, appropriate 
quantities of ‘‘Tide,’’* representative 
of the synthetic detergents in general 
use today, were added at a constant 
rate at the influent end of the test 
aeration tank. Because the approxi- 
mate time required during normal sew- 
age flow for an increment of the mixed 
liquor to pass through the tank was 
4.7 hr., the addition of synthetie dur- 


“The Procter & Gamble Company cooper 
ated in the tests and furnished the synthetic 
detergent, 
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FIGURE 4.—Test pass (a) after adding 97 p.p.m. synthetic detergent; no detergent added 
to control pass (b); suspended solids in both passes, 2,700 to 3,600 p.p.m. 


- 
~ 
674 
: 
May, 1952 
> 
3 
7 
: 
. 


Vol. 24, No. 5 


FROTH AND SYNDETS 


FIGURE 5.—Test pass (left) after nap ot 250 p.p.m. synthetic detergent; no detergent 
added to control pass (right); suspended solids in both passes, 2,700 to 3,000 p.p.m. 


ing a test was carried on for 5 hr. to 
insure a uniform distribution through- 


out the pass. Knowing the rate of flow, 
it was possible to determine the quan- 
tity of synthetic detergent to be added 
per unit of time to give any particular 
level of concentration of added syn- 


thetic. This amount is, of course, in 
addition to the synthetic detergent 
normally present in the sewage. The 
method of calculating the quantity to 
be added is shown in a footnote to 
Table ITI. 

Varying amounts of synthetic deter- 
gent were added at three levels of re- 
cycled solids. In Tests 1 to 4 (Table 
III), the level of solids was held high 
(2,700 to 3,900 p.p.m.). In Test 5, 
it was maintained at an intermediate 
level (2,500 to 3,000 p.p.m.); in Test 
6, at a low level (900 to 1,000 p.p.m.). 

The effects of adding varying 
amounts of synthetic detergent at the 
influent end of the experimental pass, 
and also the behavior of the control 
pass, are shown in Table III and in the 
accompanying photographs. The pic- 
tures show the results at the end of each 
study so as to allow maximum time for 


the development of any effects which 
might come from the addition of the 
synthetic. In each case the influent 
enters at the end farthest from the 
camera. From an examination of the 
photographs and Table III, it may be 
seen that no objectionable buildup of 
froth occurred at any level of added 
synthetic detergent. 

The surface of the aeration tank, in 
the absence of added synthetic, is 
characterized by small bubbles, gener- 
ally less than 1 in. in diameter (see 
Figure 8). When these bubbles gather 
together to form a froth bank they are 
stable and have a ‘‘beaten-egg-white’’ 
appearance, which is typical of pro- 
teinaceous froth. In direct contrast, 
after the addition of higher quantities 
of synthetic detergent to a pass, much 
larger bubbles—6 to 18 in. in diameter 
—were formed (see Figure 9). These 
bubbles were very fragile. When they 
struck the side of the tank they would 
usually burst immediately, and in so 
doing even tended to break down many 
of the small bubbles, such as those 
formed when no synthetic is added. 

In Test 4, in which the largest ad- 
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dition (250 p.p.m.) of synthetic de- 
tergent was made, a slight frothing 
occurred at the point of addition be- 
cause of extremely high local synthetic 
concentrations. However, this froth 
dissipated as the liquor moved through 
the pass. This is exactly opposite to 
what occurs under conditions of nat- 
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FIGURE 6.—Test pass (a) after adding 100 p.p.m. synthetic detergent; no detergent added 
to control pass (b); suspended solids in both passes, 2,500 to 3,000 p.p.m. 


ural frothing; that is, frothing due to 
low solids content. Natural froth is 
non-existent at the influent end and 
reaches a peak near the effluent end, 
as was seen in the studies involving 
low solids, and is shown in Figure 1. 

The 250-p.p.m. level of synthetic de- 
tergent is believed to be several times 
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higher than occurs in practice, or than 
would occur if all of the soap business 
should be converted to synthetic de- 
tergents. This belief is based on the 
following considerations : 

The synthetic detergent dumped into 
the tank was, of course, in addition to 
that already contained in the raw sew- 
age. In effect, this was equivalent to 
having a concentration in the raw sew- 
age even higher than that obtained 
from the added synthetic. Also, as has 
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been established by Degens and van- 
derZee (2), at least a portion of the 
synthetic detergent in raw sewage is 
removed during primary sedimenta- 
tion. Therefore, adding detergent at 
the influent end of the aeration tank 
gives a higher concentration in the 
tank than if an equal amount had been 
put into the raw sewage. In addition 
to these points, U. S. Department of 
Agriculture figures on soap and syn- 
thetic usage (3) show soap and syn- 


FIGURE 7.—Test pass (a) with 900 to 1,000 p.p.m. suspended solids after adding 89 
p.p.m. synthetic detergent; no detergent added to control pass (b) with 1,400 to 1,500 p.p.m. 
suspended solids. 
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small-bubble formation. 


thetic usage in 1950 to have been This means that, on the average, dur- 
3,500,000,000 Ib. and 1,200,000,000 Ib., ing 1950 approximately 23 Ib. per 
respectively. capita of soap and 8 lb. per capita of 

The 1950 Census report givesa popu- synthetic detergent were used. Based 
lation of approximately 150,697,000. on the Department of Agriculture’s 
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FIGURE 9.—Surface of aeration 


tank with high added synthetic detergent concentration, 
showing large fragile bubbles. 
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usage estimate of 200 g.p.e.d. of water 
(4), this works out to average concen- 
trations of 13 p.p.m. synthetic detergent 
and 38 p.p.m. soap in raw sewage. This 
gives a total of 51 p.p.m. as contrasted 
with the 250 p.p.m. detergent added 
in the aeration tanks to sewage which 
already carried the amount of syn- 
thetic detergent currently in use. 


Finally, the addition of synthetic 
detergent, even in the highest amounts 
used, had no adverse influence on the 
operation of the system ; no detrimental 
effects were found in final sedimenta- 
tion, neither was there any significant 
change in the final effluent B.O.D. 


Summary 


1. The quantity of froth present on 
aeration tanks treating normal raw 
sewage was controlled by varying the 
amount of suspended solids in the 
mixed liquor. It was possible to make 
or prevent froth at will by decreasing 
or increasing the suspended solids. 

2. Frothing has been kept under 
control at the San Antonio sewage 
treatment plant by maintaining the sol- 
ids above the 1,400-p.p.m. level. (The 
plant is operated at 2,000 to 3,000 
p.p.m., which is regarded as a range 
giving a suitable margin of safety.) 

3. The direct addition of synthetic 
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detergent to an aeration tank, even at 
extremely high concentrations, did not 
cause any objectionable frothing. 

4. Even under conditions of low sol- 
ids, where frothing is likely to begin 
to oceur, the addition of synthetic de- 
tergent did not increase frothing. 

5. Normal froth is non-existent at 
the influent end of the areation tank 
and builds up to a maximum near the 
effluent end. Conversely, when syn- 
thetic detergent is added at the in- 
fluent end of the aeration tank in 
quantities sufficient to form any froth 
at all, it does not cause a buildup of 
froth as the mixed liquor passes down 
the tank, but rather the froth dissi- 
pates. 

6. Throughout the course of the tests 
described, the addition of the synthetic 
detergent had no adverse effect on 
plant operation. 
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Hints on Froth Control 

Regular occurrence of frothing in 
the diffused air activated sludge plant 
at Motherwell, England, sometimes to 
a height of 5 or 6 ft. above water level, 
has been successfully controlled by ap- 
plication of small quantities of mineral 
lubricating oil to the aeration tanks. 
The method is not used continuously, 
but only when reduced frothing is re- 
quired to permit access to the tank 
walks for maintenance, or to prevent 
nuisance from froth carried out of the 
tanks by high winds. 


Discovery of the de-frothing effect of 
the oil was accidental, originating with 
an oil leak in a Motherwell factory. It 
has been found that 0.5 pt. of oil 
sprayed on tanks totalling 0.5-m.g. c¢a- 
pacity cleared up the frothing. On a 
purely volumetric basis this amounts 
to 0.11 p.p.m. However, the same re- 
sults have been obtained with 0.5 pt. 
of oil applied to a 2.2-m.g.d. (Imp.) 
raw sewage flow reinforced with 0.93- 
m.g.d. (Imp.) activated sludge return. 

The experience, reported in The Wa- 
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FIGURE 1.—“Shaving lather” on aeration tanks at Cranston, R. I., with low 
solids concentrations. 


ter and Sanitary Enginecr,* seems to 
confirm the general observations of 


srunner + at Fort Wayne, Ind., con- 
cerning liquid surface application of 
oils to reduce frothing. J. MeNicholas, 
author of the present article, closes his 
discussion with the following : 


There are a few other observations on the 
subject which may be of general interest: 


1. Frothing, as far as is known to the 
author, seems to be peculiar to the diffused 
air process. It has not been observed by 
him on Simplex, Howarth, Transaeration, 
or Kessener plants. 

2. Frothing begins at the outlet end of 
aeration tanks and gradually develops to- 
wards the inlet end, which agrees with 
American reports. Froth is not often ob- 
served on the first bays of the aeration 
tanks at Motherwell. 

3. Only when a plant is in good condi- 
tion does frothing occur. Heavily loaded 
units do not froth, and with the onset of 
wet weather, froth which is present on tank 
gradually dies away when 3 X d.w.f. is be- 
ing treated. Probably the extra load on the 
plant accounts for this, and also the fact 
that the concentration of froth-causing con- 
stituents becomes less. 

4. Froth is usually most voluminous 


* MeNicholas, J., ‘‘A Method for the Con- 
trol of Foam Produced in Activated Sludge 
Plants.’’ Water §& San. Eng., 2, 9, 416 
(1952). 

t Brunner, I’. W., ‘Central States Sewage 
Works Association, 1950 Operator’s Breakfast 
Forum.’’ Remarks on ‘‘Frothing of Aera- 
tors.’’ THis JOURNAL, 22, 9, 1238 (Sept., 
1950). 


from late evening to early morning, when 
the actual aeration period is above the 
average. 

5. After the weekly wash-day, froth gen- 
erally increases, presumably because in- 
creased amounts of soap and detergents 
are present. 

6. Numbers of Chironomid larvae are 
floated out of the activated sludge system 
by the froth and are found on the concrete 
walks after the froth has dispersed. 

7. Bright sunlight appears to have a 
depressing effect on the froth. This is 
merely an impression, and no experimental 
evidence is put forward in support of the 
observation. 

At Cranston, R. I., Superintendent 
W. C. Anderson finds that operation 
of the aeration tanks at the normal 
suspended solids content of 1,250 p.p.m. 
gives a fluffy froth (Figure 1), which 
has been taken for granted in that 
plant during the past few years. Pres- 
ent operation, at the 3,000- to 3,500- 
p.p.m. solids level, is free of froth 
trouble. This bears out the conclu- 
sions reported by Wells elsewhere in 
this ‘‘Corner,’’ but also points to the 
possible requirement of additional air 
with the increased loading. 

Preliminary test work at the Crans- 
ton plant with ‘‘Depuma,’’ a defoam- 
ing agent marketed by American Ani- 
line Products, Ine., of New York, indi- 
cated rapid disappearance of the froth 
in four bays of the aeration tank on 
addition of 1, gal. at the inlet by con- 
stant feed. Further tests to determine 


680 May, 1952 
— 
: 
: 
i 
3 
: 
: 
: 
= 
: 


Vol. 24, No. 5 


minimum required additions of the de- 
frother were abandoned when control 
was accomplished by increasing the 
mixed liquor suspended solids. 

It is understood, also, that another 
defoaming agent, ‘‘Swift’s Sanitary 
Defoamer,’’ manufactured by Swift & 
Co., of Hammond, Ind., has been tested 
and is being used by New York City to 
control frothing. The same product is 
also understood to be under test by the 
city of Los Angeles, although no re- 
ports of the findings are available. 


Digester Supernatant Control 


An interesting method of controlling 
his digester supernatant was described 
at the 1951 Fall Meeting of the New 
England Sewage and Industrial Wastes 
Association by Walter C. Anderson, 
superintendent of the Cranston, R. I., 
sewage treatment plant. In Mr. Ander- 
son’s own words: 


The problem of returning our 1.5 per 
cent solids sludge supernatant to the pri- 
mary tank seems to have been solved by 
elutriating this sludge. The overflow liquor 
from the elutriation tanks passing into the 
primary tank has no effect on that unit’s 
efficiency. The elutriation of the super- 
natant sludge results in the production of 
one-fourth as much sludge with a solids 
content of 3.75 per cent. In other words, 
elutriation concentrates the solids, which 
can then be filtered directly or returned to 
the digester. Without this processing, the 
supernatant sludge sent direetly to the pri- 
mary tanks would result in a slow build-up 
of sludge in the bottom of the tank, with 
consequent increase in sludge pumping 
rates back to the digester. The cycle was 
cumulative, as the more we pumped to the 
digester the more we drew. Perhaps just 
holding the supernatant sludge in a tank 
may accomplish the same results with a 
possible savings of plant water. 

Sludges with more than 5 per cent solids 
are reduced in solids content by elutriation 
and weak sludges are increased. The re- 
sulting elutriated sludge seems to leave 
from 3.75 per cent to 5 per cent solids con- 
tent. In other words, elutriation produces 


a washed sludge of from 3.75 to 5 per cent 
solids, regardless of the original eoncentra- 
tion. 
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Vitamin B,, from Milorganite 


Dried activated sludge from the Mil- 
waukee, Wis., sewage treatment plant, 
sold in all parts of the United States 
and in Canada, Mexico, and the Ha- 
waiian Islands under the name of 
‘*Milorganite,’’ has been found to be 
one of the richest sources of vitamin 
B,, yet discovered. The vitamin, cur- 
rently in demand for stock feed sup- 
plementation, occurs in a concentration 
of 2 to 10 micrograms per gram (1 to 
4 milligrams per pound). Processes 
developed in the laboratory have al- 
ready been used successfully in pilot- 
plant operations to prepare vitamin 
B,, concentrate of relatively high po- 
tency (25 to 50 milligrams per pound 
of solids) from Milorganite. 

The processes developed, which are 
covered in a patent application cur- 
rently pending, appear to be both con- 
venient and economical. Because con- 
centrates of vitamin B,, are in such 
demand for the production of pure 
vitamin, the possibility of large-scale 
production of the concentrates from 
Milorganite is being investigated. 


Booklet on Civil Defense 
Protective Equipment 

What the well-equipped civil de- 
fender will wear and use is shown in 
a booklet entitled ‘‘Civil Defense Pro- 
tective Equipment,’’ recently published 
by Mine Safety Appliances Company. 
The 28-page booklet offers an outline 
of action and a table of equipment for 
the various civil defense services. Full 
descriptions, both practical and tech- 
nical, ‘are given for every piece of 
equipment mentioned. 

As publie service employees, sewage 
works personnel should be familiar 
with the municipal and areal civil de- 
fense planning of their locality and 
with the services and equipment in- 
volved. The booklet is available from 
Mine Safety Appliances Company, 
Braddock, Thomas and Meade Streets, 
Pittsburgh 8, Pa. 


Editorial 


SUDS AND 


The San Antonio studies of the ef- 
fects of synthetic detergents in pro- 
ducing froth at aeration tanks, as 
reported in this issue, will doubtless 
find a receptive audience among acti- 
vated sludge plant operators. This is 
a significant project, and further re- 
sults of the work will be awaited with 
vreat interest. 

To date the San Antonio study has 
proved fairly conclusively that froth 
formation is not likely to be trouble- 
some in the presence of high concen- 
trations of anionic detergents if 1,600 
p.p.m. or more of suspended solids are 
carried in the mixed liquor. This will 
bring no solace to those who must op- 
erate at lower mixed liquor solids lev- 
els, because of process modifications or 
by reason of aeration limitations. Nev- 
ertheless some progress is being made, 
and the cooperative effort of the city 
of San Antonio, Proctor and Gamble, 
and Superintendent Wells and_ his 
staff is acknowledged with commenda- 
tion. 

It should be noted that the results 
at San Antonio do not ‘‘whitewash’”’ 
synthetic detergents as the cause of 
aeration tank suds. Many activated 
sludge plants operated with low mixed 
liquor solids prior to 1940 without the 
voluminous froth that is frequently en- 
countered today. Household garbage 
erinders are introducing increasing 
amounts of grease into domestic sew- 
age simultaneously with the increasing 
concentration of synthetic detergents, 
and both of these factors alone or in 
combination may be contributing to the 
present difficulties. Whatever the 
cause, ‘‘the old gray sewage ain’t what 
she used to be!’’ 

Sewage works men should be com- 
forted to know that detergent manu- 
facturers are aware of the new prob- 
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lems in sewage plants, and are giving 
technical attention to them. The writer 
has corresponded with six leading com- 
panies, with heartening response in 
every case. The Federation will con- 
tinue to cultivate these contacts, so that 
any information of value, regardless 
of the source, can be made available 
without delay. One company, for in- 
stance, is studying analytical methods 
for measuring detergent concentration 
in solutions, for which there is a great 
need at the moment. 

A number of interesting responses 
were received from the manufacturers 
in answer to the question: ‘‘Is the sud- 
sing property of a synthetic detergent 
essential to its effectiveness as a cleans- 
ing agent?’’ The concensus of the re- 
plies is as follows: 


1. Two of the four companies who 
replied at length to the query stated 
that the sudsing type of detergent is 
somewhat more effective for household 
purposes. One indicated the sudsing 
type to be more efficient for dishwash- 
ing because of its ability to emulsify 
fats and oils. The conelusion reached 
by the writer from all replies is that 
the may be of value for 
cleansing but that such advantage is 
not really significant. 

2. The sudsing property is held by 
the manufacturers to be of value as an 
indicator to guide the housewife in 
using the proper amount of detergent. 
Considerable emphasis was given this 
advantage. 

3. There was no inclination on the 
part of the manufacturers to minimize 
the fact that the sudsing property is 
extremely important to the domestic 
consumer. Efforts to market household 
syndets with little or no suds have met 
with only limited success. The point is 
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clearly made that the consumer’s de- 
mand for suds leaves the manufacturer 
with no choice in the matter, and that 
a long period of education would be 
necessary to bring about a change in 
household washing habits and con- 
sumer acceptance of sudsless cleaners. 

Manufacturers estimate that the cur- 
rent market ratio of syndets to soap is 
about one to three. 

Information from other sources in- 
dicates that the per capita consumption 
of synthetic detergents has increased 
from less than 1 to 8 Ib. in the period 
1942-50, with the total 1950 consump- 
tion estimated at 1.2. billion pounds. 
The 2 billion-pound level is held to be 
attainable within a_ relatively short 
time. To the sewage works man these 
figures mean that at least twice the 
present concentration of syndets in 
sewage can be expected by the time the 
ultimate market is reached. 

The frothing problem has been the 
only manifestation to cause much con- 
cern thus far in sewage works in the 
United States. There are other po- 
tential effects of probably much 
greater importance. Domestic and in- 
dustrial water supplies may be appreci- 
ably changed in chemical characteris- 
ties where sewage effluents are re-used 
downstream. Physical and _ biological 
phenomena in sewage treatment proc- 
esses may be influenced by eventual 
concentration levels of detergents. 
Aquatic life and even some recreational 
and agricultural uses of receiving wa- 
ters may be affected. A paper to be 
published soon in Tris JouRNAL points 
to the increased concentration of phos- 
phates in stream waters that will be 
caused by syndets, which is likely to 
engender problems of algae control. 

The FSEWA Board of Control has 
recognized the far-reaching influence 
of the changes in sewage characteristies 
that are resulting from the develop- 
ment of syndets. In 1951 the Board 
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requested several technical committees 
to give study to the problem, and di- 
rected that it be given an important 
place in the technical program of the 
1952 Annual Meeting. The Program 
Committee has set aside a complete 
half-day session for a symposium on 
the subject, and is inviting an impres- 
sive list of speakers to participate. A 
highly significant group of papers is 
expected here. 

In the meantime sewave works per- 
sonnel should be on the lookout for 
gradual changes in plant performance, 
such as lowered sedimentation  effi- 
ciency, reduced gas production at di- 
gesters, interference with secondary 
treatment and, of course, froth forma- 
tion. Researchers are urged to study 
and develop practical analytical meth- 
ods for the measurement of detergents 
in sewage. And it is to be hoped that 
syndet manufacturers will join to- 
gether to sponsor further plant-seale 
studies similar to those now being con- 
ducted at San Antonio with the help of 
Proctor and Gamble. 

As for the froth fighters, there is 
nothing like free exchange of experi- 
ence as a means of overcoming a com- 
mon problem. THis JouRNAL weleomes 
comments on methods that have been 
tried—suecessfully or not—to control 
the froth. So far we understand that 
water sprays are not a completely satis- 
factory answer. Mixed liquor solids 
control will probably abate the nui- 
sance in some cases. The application 
of defoaming agents, although expen- 
sive, may be necessary where conditions 
are critical. Mineral oils in minute ap- 
plications to the aeration tank surface 
have proved effective at Fort Wayne 
and at the Motherwell sewage works 
in England ‘*The 
Corner,’’ this issue). 
Finally, let there be no frustration! 


(see Operator's 


W. H. W. 
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Transportation of Coal by Pipeline Stud- 
ied. Anon. Chem. Eng. News, 29, 
3469 (1951). 

A new use for water is the announcement 
by an Ohio coal company of plans to build 
3 mi. of 12-in. pipeline for transporting 
powdered coal. A more extensive discus- 
sion of the cost factors and problems in- 
volved is given in a Bureau of Mines report 
(No. 4799), “Survey on the Hydraulic 
Transportation of Coal,” by R. W. Dough- 
erty. This report can be obtained from 
Publications Section, Bureau of Mines, 
4800 Forbes St., Pittsburgh 13, Pa. 

R. 8. INGous 


1-Carvone from d-Limonene. By C. Bor- 

pENCcA, R. K. ano P. H. 

Dirstine. Ind. Eng. Chem., 43, 1196 

(1951). 

As a by-product of the citrus canning 
industry d-limonene, which makes up 
about 95 per cent of the orange and grape- 
fruit peel oils, is potentially available in 
large quantities. The l-carvone is a large 
constituent of the natural oil of spearmint 
flavor. The article describes the necessary 
chemical processes for the conversion of 
waste of the citrus feed industry into some 
useful product. R.S. INGous 


Protein Evaluations of Yeast Grown on 
Wood Hydrolysate. By E. L. Harris, 
G. J. Hasny, anno M. C. JoHNSON. 
Ind. Eng. Chem., 43, 1593 (1951). 

The paper reports on the conditions for 
the maximum growth of six strains of fast- 
growing yeast using wood hydrolysate and 
sulfite waste liquor as a source of sugar. 
The yeast proteins are deficient in methi- 
onine, but with this added, rats develop 
very well. The yeast uses 90 to 96 per 
cent of the reducing matter in solution and 
develops, with proper mineral supplements, 
45 to 51 per cent protein. R.S. INGots 


Symposium—Resources for the Chemical 
Industry—Southwest—-Raw Material 
Availability. By A. L. Ind. 
Eng. Chem., 43, 1727 (1951); and Water 
Supplies. By P. Weaver. Jbid., 43, 
1734 (1951). 

In both parts of this symposium the 
limited amount of water available from 
either ground or surface supplies in certain 
areas js stressed. The importance of the 
requirements for irrigation is noted, but 
the suggestion is made that an industry 
may be able to use the water and then 
release it for irrigation, after returning it to 
a suitable condition. Each article indi- 
sates that the water resources may be the 
limiting factor in a plant location, but 
wastes treatment may aid in expanding 
available sites. R. S. INGous 


Effect of Copper-Bearing Concrete on 
Molds. By R. F. Ropinson ann C. R. 
Austin. Ind. Eng. Chem., 43, 2077 
(1951). 

This article describes a copper-bearing 
concrete which reduces the amount of 
molds that can develop on its surface, 
because there is added some copper and 
arsenic in the substance of the concrete. 
The concrete is softer with the copper than 
without it, so that the authors recommend 
it for covering exposed areas which come 
in contact with corrosive fumes (such as 
the walls and ceilings of grit chambers and 
screen houses). This should be especially 
helpful in handling stale or septic sewages 
where hydrogen sulfide oxidation frequently 
destroys the concrete. R. 8. INGous 


Crawley New Town—Engineering Works 
in Progress and Proposed. By A.J. W. 
McInrosu. Surveyor, 110, 337 (June 
2, 1951). 

Crawley is a new town in the vicinity of 

London, one of eight such to be designated 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 
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for decentralization of industry and pop- 
ulation from Greater London. The desig- 
nated area is about 3 by 4 mi. in extent, 
containing about 6,000 acres. The present 
population is some 10,000, and the ulti- 
mate population is to be 50,000 to 60,000. 

The area is drained by four main streams, 
and sanitary trunk sewers will follow ap- 
proximately the lines of these watercourses. 
The sewers will drain by gravity to the 
treatment works at the northeast of the 
area, except for one area, which will drain 
to a pumping station, from which a force 
main will lead to the trunk gravity sewer. 
Gradients are from 1 in 390 to 1 in 1,000. 
Sewers will be deep enough to drain 8-ft. 
basements. 

The sewage works are being built in 
stages with the growth of the town. Treat- 
ment is by activated sludge. Land is 
available for construction of a tertiary 
stage of treatment by contact filters, if 
found necessary. 

Surface water is to be separately sew- 
ered. Each of the catchment areas is 
being considered in detail, the existing 
watercourses being widened and deepened 
or diverted and culverted where necessary. 
An interesting feature of the design of the 
surface-water drainage works is the inser- 
tion of a flood storage basin at a low point 
in the area. This basin, of 1,200,000-gal. 
capacity, may delay for some time the 
necessity for widening and improvement 
of streams below this point. Total peak 
runoff in storms has been calculated to be 
49,000 cu. ft. per min. 

There are detailed discussions of the 
plans for water supply and road construc- 
tion, and mention is made of the proposed 
systems for gas, electricity, refuse disposal, 
ete. M. C. Rann 


Sewage Disposal in the Colne Valley— 
Maple Lodge Works Now in Use. 


Anon. Surveyor, 110, 349 (June 9, 
1951). 
The Maple Lodge sewage disposal 


works, described in The Surveyor of Oct. 17, 
1947, are now being brought into use. 
Sewage was first admitted on May 7, 1951. 
Only a small flow was admitted, and to 
avoid septicity, it was diverted directly to 
one of the activated sludge tanks, by- 
passing all previous stages. This aeration 
tank and two of the final clarifiers had been 
filled with clean water. 

Operation in this manner, with settle- 
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ment and return of the suspended solids, 
continued for two weeks, during which 
period the effluents met the required stand- 
ards at all times. The sewage flow was 
then increased, and one of the grit chan- 
nels, a comminutor, and a sedimentation 
tank, and two more aeration tanks were 
brought into use. 

More sewage will be brought in as the 
activated sludge builds up and the new 
sewers are completed. M. C. Ranp 


Composting. By J.C. Wytir. 
110, 373 (June 16, 1951). 
Sewage sludge has agricultural value as 

a source of slowly available nitrogen, but 
its physical condition and moisture content 
restrict its use. Domestic refuse is hardly 
a manure. Its carbon-nitrogen ratio is so 
high that its decomposition in the soil 
causes uptake of nitrogen by the soil organ- 
isms rather than its release. When the 
two substances are mixed to form a com- 
post, the resulting decomposition of carbo- 
hydrates and synthesis of organic nitrogen 
compounds results in a valuable manure. 

The composition of sewage sludge from 
any given source is reasonably constant. 
But with domestic refuse there are wide 
seasonal variations, and much of it is inert 
matter of no agricultural value. It is, 
therefore, prerequisite that the refuse be 
sorted, so that larger inert materials may 
be rejected, and the quantities of compos- 
tible materials can be controlled. 

If paper, rags, and bones are removed, 
the remaining compostible materials are 
(a) fine dust, (b) vegetable content, and 
(c) combustible debris. The last two frac- 
tions should be pulverized before being 
added to the compost. 

Fine dust collections vary widely be- 
tween summer and winter, and provision 
must be made for balancing such varia- 
tions, by storage or disposal of part of the 
winter collections. Vegetable matter and 
combustible debris do not store well; the 
amount used should be fixed at a figure 
higher than the peak collections and the 
difference supplied by other carbonaceous 
matter, such as straw, waste vegetation, 
sawdust, or seaweed. 

Evidence indicates that when tempera- 
tures higher than 140°F. are obtained, 
humus is formed with less loss of organic 
matter and with a higher nitrogen content 
than when lower temperatures prevail. 
Highest temperatures are reached when 
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the wastes contain a high proportion of 
carbonaceous matter and there is a bal- 
anced condition of moisture and aeration 
within the compost. It is difficult to apply 
wet sewage sludge without creating a solid, 
saturated mass, which is apt to lead to 
anaerobic conditions. 

The wastes must be mixed carefully, and 
provision must be made for draining off 
surplus moisture from the bottom. The 
inclusion of coarse carbonaceous matter, 
such as straw, aids aeration. 

The wastes are mixed by placing in the 
mixing beds alternate layers of (1) mixed 
carbonaceous wastes and fine dust, (2) wet 
sewage sludge, and (3) ground limestone. 
After sewage sludge is added, excess mois- 
ture is drained off and the mixed wastes are 
forked up before the next layer is added. 
The final depth of the mass is about 3.5 ft. 
After three to four days, the mass is trans- 
ferred to another bed, where it stands six 
weeks. It is then turned out to mature for 
six weeks. In all stages, the floor should 
be raised to allow escape of excess mois- 
ture, and there should be protection from 
rain and the direct force of winds. 

Considerable latitude is permissible in 
the proportion of the various wastes used 
in the compost, and the proportions may 
therefore be adjusted to the convenience 
of each plant. 

There is an almost unlimited agricul- 
tural market for the sale of mature com- 
post. The cost of transportation may, 
however, be a hindranee to effective 


marketing. M. C. 


Future of Sewage Disposal in South 
Africa, By J. Hamurin anno H. 
son. Surveyor, 110, 397 (June 23, 
1951). 

There is a shortage of water in South 
Africa, and greater use must be made of 
effluents from sewage disposal works. It 
is quite possible that it will be required 
that all effluents be sand filtered before dis- 
charge into a watercourse. The quality 
of effluents may have to be better than the 
standards laid down by the Royal Com- 
mission. It appears desirable to construct 
a storage dam with a detention period of at 
least seven days, and pass the effluent 
through the storage dam before discharge. 


From an economic point of view, prob- 
ably greater use will have to be made of 


sludge gas. On the contemplated works 
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to serve the new gold fields in the Orange 
Free State, sludge gas will be used for the 
manufacture of cyanide, which is essential 
to the gold mining industry. 

In most of the larger centers, sewage 
effluents will be used as circulating water 
in power stations and industry, as is done 
at present in Johannesburg and Pretoria. 

In better use of industrial wastes, great 
developments may be expected in South 
Africa, as elsewhere. The gas recoverable 
from controlled anaerobic digestion of fer- 
mentation and food wastes should suffice 
to evaporate the residual liquid for recov- 
ery of potash, if this is necessary.  Alter- 
natively, the gas would provide methane 
for chemical synthesis, and carbon dioxide 
for dry ice. In South Africa, sugar cane 
bagasse is largely used as boiler fuel, but 
the fiber is suitable for paper making, and 
in the U.S. is being used to produce good 
quality newsprint. 

The problems to be found in South 
Africa can only be solved by the coopera- 
tion of health officers, engineers, chemists, 
and managers. Research is essential. 


M. C. 


Sewage Works Design. 
419 (June 30, 1951). 
This is a report of the discussions of a 

paper by the same name, by B. F. P. 

Babeock, which appeared in The Surveyor 

for March 9, 1951. 

The view was presented that the best 
designing practice could only be produced 
by the man who was thoroughly experi- 
enced in operation of a sewage works. For 
best results, there should be a far greater 
interchange of personnel between the 
designing and operating sides. As an alter- 
native, any designing organization should 
employ at least one experienced operator 
on its staff. 

The opinion was expressed that mechan- 
ical removal of sludge from drying beds 
could never be practical in England unless 
sufficient drying area were provided to 
eliminate the need for sludge removal dur- 
ing the winter months. 

The need for maximum flexibility of 
operation was stressed, particularly for 
large works, which should be so designed 
that complete sections could be operated 
as separate units, to permit experimental 
comparison of various operating methods. 


M. C. Ranp 
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British Water Supply Hampering Chem- 
icalIndustry. Anon. Chem. Eng. News, 
29, 3162 (1951). 

The entire program of technical papers 
of the July meeting of the Society of Chem- 
ical Industries was devoted to the subject 
of water in industry. The disposal of 
industrial waste waters was discussed by 
B. H. Southgate of the British Water Pol- 
lution Research Laboratory and by F. W. 
Mohlman of the Sanitary District of 
Chicago. R. 8. INGous 


Food Yeast from Sulfite Liquor. By G. C> 
InsKEEP, A.S. Witey, J. M. 
anp L. P. Hucues. Ind. Chem., 43, 
1702 (1951). 

A good summary of the operating data 
of a semi-plant-scale production of food 
yeast from waste sulfite liquor is presented. 
The introduction reviews the reasons for 
the study. A discussion of the basic fac- 
tors of yeast production is presented with 
a complete flow sheet of the Rhinelander, 
Wis., plant of the Lake States Yeast Corp. 
Analyses of the product show that a good 
grade of yeast is produced. The equip- 
ment and operating problem in the fermen- 
tation, aeration tanks, in the yeast separa- 
tion step, and in the yeast drying phase 
are described. Cautions concerning the 
materials of construction in both equipment 
and housing are given. 

The effluent from the food. yeast plant 
shows a B.O.D. removal of approximately 
70 per cent. Stripping the free sulfur diox- 
ide from the liquor before using it in the 
yeast plant reduces the B.O.D. by 10 per 
cent and improves the ease of handling the 
yeast while returning a valuable raw mate- 
rial to the paper mill. 

Research is in progress on improved 
aeration and better yeast recovery, but the 
major factor in the future of food yeast 
from spent sulfite liquors depends on the 
degree of cost reduction and yeast produc- 
tion efforts. R. 8. InGots 


Effect of Fluorine Carriers on Crops and 
Drainage Waters. By W. H. MaclIn- 
TIRE, S. H. Winrersere, L. B. 
CLements, L. 8S. Jones, B. 
Ropinson. Ind. Eng. Chem., 43, 1797 
(1951). 

Because of the increased production and 
use of materials containing fluorine for 
insecticides and fertilizers, the authors 
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have studied the effect that the incorpora- 
tion of various solid carriers exerts upon the 
fluorine content of vegetation and drainage 
waters. The results show that very exces- 
sive amounts of fluoride were required to 
induce significant increases in the fluoride 
content of either crops or drainage water. 
Because appreciable concentrations of 
fluorides are found in industrial wastes 
these results may be very important. 
R. S. INGois 


Determination of Trace Amounts of 
Seleniumin Water. By J. L. Lampert, 
P. ArtHur, AND T. E. Moore. Anal. 
Chem., 23, 1101 (1951). 

A method for determining trace amounts 
of selenium in natural or polluted waters is 
described. All of the seleniferous matter 
is transformed into selenious acid, which 
then quantitatively oxidizes iodide to 
iodine. The iodine is then determined 
colorimetrically. The method works for 
concentrations from 0.1 to 5.0 p.p.m. of 
selenium. Acid bromine solution is used 
to oxidize the selenium and organic matter. 
The excess bromine is destroyed with 
nitrous acid and the excess nitrous acid is 
destroyed with urea. Many of the original 
materials in the water which would inter- 
fere with the main reactions are taken care 
of by the excess bromine or the nitrous 
acid. The color of the trace amounts of 
iodine is enhanced with starch, which is 
stabilized by using cadmium iodide instead 
of the usual potassium iodide. 

R. 8. INGous 


Organic Chemical Compounds in Raw and 
Filtered Surface Waters. By H. Braus, 
F. M. Mippieron, anp G. Watton. 
Anal. Chem., 23, 1160 (1951). 

The method is designed primarily to aid 
in the treatment of drinking water supplies 
by concentrating the trace organie chem- 
icals on a earbon filter and then removing 
them for identification and study. How- 
ever, the method is also applicable for the 
concentration of industrial wastes from a 
polluted water so that the organic chem- 
ical can be traced to its source. Where 
necessary, a sand filter may proceed the 
carbon filter. After filtering the water, 
the carbon filter is treated with ether to 
remove the organic matter and then the 
ether solution is fractionated. 

R. S. INGous 
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Some Factors in the Treatment of Sewage 
in Percolating Filters. By T. G. 
ToMLINSON AND H. Hauu. Proc., Pub. 
Works and Munic. Services Congress 
(1950). 

The results of operation of eight small 
rectangular filters operated as single units 
without recirculation for a period of a year 
are presented and discussed. The B.O.D., 
suspended solids, oxygen absorption, and 
the oxidized nitrogen content of the ap- 
plied sewage and the effluent were deter- 
mined. Also, the contact time of the 
liquid passing through the filter was deter- 
mined and the rates at which oxidizable 
matter is removed in the filters were cal- 
culated. The amount and the composi- 
tion of the organie film at different depths 
was also determined. The filters were 4.5 
ft. by 8 ft. and 6 ft. deep. One filter con- 
tained large gravel (14-in. to 3-in. size) and 
the rest crushed gravel of 3-in. to 1}-in. 
size. The distributor travels back and 
forth once in4 min. The filters were oper- 
ated continuously at rates of 100 to 1,000 
g.p.d. percu. yd. The sewage treated had 
an average B.O.D. of 165 ppm. 

With increasing rates of application the 
B.O.D. in the effluent increased, and nearly 
in a straight-line relationship at rates above 
150 gal. per cu. yd. The quantity of 
B.O.D. removed increased with increasing 
load, but the proportion of the applied load 
removed decreased with increasing rates of 
application. The suspended matter in the 
effluent varied little with increasing dos- 
ages and contained about 85 p.p.m. The 
B.O.D. of the effluent increased with the 
B.0.D. of the applied sewage; the greater 
the rate of application, the greater was the 
increase in the B.O.D. of the effluent. 
Better effluents were produced during the 
summer months than in winter. Appre- 
ciable amounts of film occurred at all 
depths. At the higher rates of dosage the 
amount of film decreased with depth. The 
weight of metazoa, fungus, and sludge was 
determined separately at each depth. It 
is calculated that the film occupied 60 per 
cent of the voids in the filter dosed at the 
rate of 1,000 gal. per cu. yd. Psychoda 
were present in all the filters at all depths, 
the largest numbers occurring in the filters 
dosed at middle rates of 450 to 600 gal. per 
cu. yd. 

The removal of B.O.D. in per cent, when 
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grouped according to the B.O.D. of the 
applied sewage, plotted against depth 
gives a very rapid removal of B.O.D. in 
the top foot. At greater depths the rate 
of removal is proportional to the concen- 
tration of oxidizable matter present in the 
liquid. It is assumed that, as in activated 
sludge oxidation, two monomolecular reac- 
tions proceed simultaneously with differ- 
ent velocity constants, one proceeding very 
rapidly and corresponding to the clarifica- 
tion stage and being completed in the top 
foot of the filter. This amounts to 19 to 
42 per cent of removal of oxidizable mate- 
rial by clarification. The second and 
slower reaction is represented by a con- 
stant which is not affected by the B.O.D. 
of applied sewage from 123 to 220 p.p.m. 
The contact times of the filters dosed at 
different rates were determined by adding 
ammonium chloride solution to the applied 
sewage and determining the ammonia in 
the effluents. The concentration rose to a 
maximum in 8 min. at 1,000-gal. per cu. 
yd. rate and in 40 min. at 100-gal. per cu. 
yd. rate and decreased thereafter logarith- 
metically, but only 85 per cent of the added 
ammonia was recovered. The contact 
time varied from 105 to 110 min. at the 
100-gal. per cu. yd. rate to 17 to 20 min. 
at the 1,000-gal. per cu. yd. rate. By 
utilizing the contact times thus obtained 
in the monomelecular formula, a velocity 
constant for biological filtration of 0.0477 
(in minutes) was obtained as compared to 
a K-value of 0.00007 for B.O.D. constant 
on the same basis (in minutes) and various 
other values obtained for the activated 
sludge process. The K-values obtained 
for various rates of application were 
approximately the same. 
H. HeEUKELEKIAN 


Effluent Filtration Unit Goes into Opera- 


tion at Humble Oil Refinery. ANon. 

Chem. Eng. News, 29, 4276 (1951). 

As part of its program of improving qual- 
ity of refinery effluent discharged to public 
waters at Baytown, Tex., Humble Oil and 
Refining Co. put into full-scale operation a 
new effluent filtration unit. Skimmings 
are collected in a large sump and filtered 
with aids on rotary vacuum filters. The 
sludge is discarded in trenches. 

R. 8. Incous 
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At sewage treatment plants where 
lack of head and maximum utiliza- 
tion of space are governing factors, F-F.T. Rotary Distributors are available to meet 
the P.F.T. Rotary Distributor meets dis. ‘units at Daston, Ohio shown above Two 100° 

units at Collinsville, I. Other units from 28’ dia. 
the need. In literally thousands o 
installations they are doing a good 
turn for the community by providing uni- aces 
form distribution of sewage over the en- seal is stand: 
tire filter bed area, assuring fullest utiliza- —_P.F.T-_ Rotary Distrib- 
utors — has many ad- 
tion of the filtering media. 

Here again sound P.F.T. Engineering is «als. 


evident in the design and construction ma- 
terials used. Built for all-weather, main- 
tenance-free operation, P.F.T. Rotary Dis- 
tributors have established a splendid per- 
formance record. 


Highlight of design is the patented P.F.T. 
Spreader Jet which fans out sewage de- 
positing it in a thin layer on the filter bed, 
so that percolation is quickly effected. 
Data and list of installations available. 


PACIFIC FLUSH TANK CO. 
Waste Treatment Equipment Exclusively Since 1893 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
NEW YORK © LOS ANGELES @ SAN FRANCISCO @ CHARLOTTE, W. C. @ JACKSONVILLE © DENVER 
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Proceedings of Member Associations 


NORTH CAROLINA SEWAGE 
AND INDUSTRIAL WASTE 
ASSOCIATION 


The 3lst Annual Joint Meeting of 
the North Carolina Sewage and Indus- 
trial Waste Association and the North 
Carolina Section, AWWA, was held at 
the Robert E. Lee Hotel, Winston- 
Salem, N. C., November 12-14, 1951 
The total registration of members and 
euests was 242. 

The technical program opened with 
papers as follows: 


‘*Winston-Salem Water Works,’’ by 
S. E. Harris, superintendent, Water 
and Sewer Department, Winston- 
Salem. 

‘*Fluoridation Results from the 
Dental Viewpoint,’’ by Z. M. Stadt, 
dental health officer, Charlotte. 


The afternoon program was devoted 
to a waterworks discussion panel led 
by W. E. Long, water plant super- 
intendent, Fayetteville, N.C. The sub- 
jects considered by the panel were: 
‘‘Reading of Water Meters, Making of 
Water Bills, Collecting Water Bills’’; 
‘*Accounting and Publie Relations in 
Connection with These Functions of the 
Water Department.’’ The panel mem- 
bers were: W. M. Franklin, superin- 
tendent, Water Department, Charlotte ; 
Stanford E. Harris, superintendent, 
Water Department, Winston-Salem; 
Robert Van Sleen, superintendent of 
utilities, Shelby; and J. M. Owens, 
superintendent of water and sewage, 
Mount Airy. 

The panel discussions were followed 
by an inspection of the recently en- 
larged Winston-Salem water plant, a 
buffet supper sponsored by a group of 
local contractors, and ‘‘Pipe Lines to 
the Clouds,’’ a film prepared by the 
General Electric Company. The day’s 


activities concluded with an 
dance. 

The morning session on November 13 
heard the following papers: 


informal 


‘*Disposal of Radioactive Wastes in 
Water and Sewage,’’ by Roy J. Morton, 
leader, Waste Disposal Research, Oak 
Ridge National Laboratories, Oak 
Ridge, Tenn. 

**Maintenance of Water Quality,’’ 
by A. E. Berry, director, Sanitary En- 
gineering Division, Ontario Depart- 
ment of Health, Toronto, Canada. 

‘“‘The New North Carolina Stream 
Sanitation Law,’’ by H. G. Baity, pro- 
fessor of sanitary engineering, School 
of Public Health, University of North 
Carolina. 


At the Honorary Luncheon for na- 
tional officers and guests, addresses 
were given by A. E. Berry, AWWA 
president, and Earnest Boyce, Federa- 
tion president. The luncheon was fol- 
lowed by the Annual Business Meeting, 
at which the following officers were 
elected for the ensuing year: 


Chairman: H. F. Davis, Charlotte. 
Vice-Chairman: J. E. Greenlee, 
lotte. 

FSIWA 
Durham. 

Secretary-Treasurer: 
bard, Raleigh. 


Char- 


Director: P. D. Davis, 


Earle Hiub- 


The remainder of Tuesday afternoon 
was devoted to a sewage works discus- 
sion panel led by W. Brewster Snow, 
professor of civil engineering, Duke 
University. The subjects and authors 
were: 


**Financing Sewage Works,’’ by W. 
E. Easterling, secretary, Local Govern- 
ment Commission, Raleigh. 


(Continued on page 198a) 
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The old courthouse in St. Louis as it looked 100 years ago 


S.. Louis, Missouri has a cast iron water 

main in service that was installed more than 

100 years ago. That is not surprising as St. Louis 
is one of our oldest cities, founded by the 

French and taken over by the U.S.A. with the 
Louisiana Purchase. Yet this old main is 

still withstanding the traffic shock and beam 
stresses imposed by multi-ton trucks and congested 
underground utility services in a great 
manufacturing city. More than thirty other 
American cities have cast iron water 

and gas mains in service that were installed 

over a century ago—indisputable 

testimony to the strength factors of long 

life inherent in cast iron pipe. 

United States Pipe and Foundry Company, 

General Offices, Burlington, N. J. Plants and 
Sales Offices Throughout the U. S. A. 


cast 1ron 


PIPE 


WATER GAS SEWri 
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Increasing Costs of Sewage Treat- 
ment,’’ by Carl W. Mengel, consulting 
engineer, Raleigh. 

‘* Purchasing of Supplies,’’ by George 
S. Moore, superintendent of utilities, 
Albemarle. 

‘*Disposal of Sereenings and Sani- 
tary Land-Fill Operations,’’ by Felix 
Hl. Doggett, city engineer, Mount Airy. 


At the Annual Banquet and Associa- 
tion Dance, held the evening of Novem- 
ber 13, the principal speaker was Tully 
I). Blair, president, Security Life and 
Trust Company, Winston-Salem. 

The program on the morning of 
November 14 ineluded the following 
papers: 

‘*Waste Treatment—An Important 
Element in Industrial Plant Location,”’ 
by Truman H. Safford, Chas. T. Main, 
Ine., Charlotte. 


‘*Biochemical Oxygen Demands of 
Chlorinated Sewage,’’ by W. Brewster 


Snow, professor of civil engineering, 
Duke University. 


SEWAGE AND INDUSTRIAL WASTES 


“Service Charges in Relationship to 
Sewage Financing,’ by D. M. Wil- 
liams, superintendent, Water and 
Sewer Department, Durham. 


The Club Room provided by the 
Water and Sewage Works Manufae- 
turers Association constituted a very 
popular phase of the program. 

E. C. HusBarp, 
Secretary-Treasurer 


NORTH DAKOTA WATER AND 
SEWAGE WORKS 
CONFERENCE 


The 23rd Annual Convention of the 
North Dakota Water and Sewage 
Works Conference was held at the 
Gardner Hotel, Fargo, N. Dak., Sep- 
tember 26-28, 1951. Registration for 
the meeting totaled 134. 

The pre-convention Smoker and 
Dutch Lunch on September 26 was 

(Continued on page 200a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 
2437 East 24th Street Los Angeles 54, Calif. 
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DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower left side of 
tank. 


DIFFUSAIR at Kirkwood, Mo. in 


operation showing effective “spiral 
flow” agitation and aeration of ‘and © 


WIFFUSATR 


FOR The Impingement Aerator is a unit developed to 
accomplish more effectively and economically the dif- 

SEWAGE fusion of air as small bubbles to agitate and oxygenate 
aeration tank liquors. 

WASTE AND The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 

WATER TREATMENT bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 

PRE-AERATION ... from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 

ACTIVATED SLUDGE... compared with the progressive back pressuring of the 
blower that persists when other types of 

CARBONATION air diffusers are employed. 

The impingement liquor is derived directly from the 

aeration tank mixed liquor, and is lifted with a simple 

air-lift unit from which 1/3 of the fine air is re-entrained 

and utilized for oxygenation. 

The air is released along headers through 3/16 inch 

orifices in the impinger units and no air clogging is possible. 

No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


PAOQUIP | WALKER PROCESS EQUIPMENT INC. 


Factory ENGINEERING OFFICES LABORATORIES 
PROCESS EQUIPMENT URORA, ILLINOIS 


Write tor Bulletin 17$31 
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See 
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well-attended and gave an opportunity 
for getting acquainted and exchangin; 
operating information. 

Papers of interest to sewage works 
personnel included : 


‘*Paints and Protective Coatings for 
Water and Sewage Equipment,’’ by 
George Kronschnabel, Inertol Co., St. 
Paul, Minn. 

**Pluoridation,’’ a panel discussion 
by representatives of equipment and 
chemical supply companies and the 
State Health Department. 

‘Sludge Digestion,’’ by W. N. 
Lauer, Dorr Co., St. Paul, Minn. 

“Interpretation of Section 111.0 of 
State Plumbing Code,’’ by Jerome H. 
Svore, State Health Dept., Bismarck. 

**Progress of Pollution Control in 
the United States,’’ by Paul W. Reed, 
U.S.P.H.S., Chicago, Ill. 

‘*Materials Procurement,’’ by Rob- 
ert N. Huey, NPA Office, Fargo. 

‘*Engineering Needs and Values,’’ 
by E. L. Lium, Dean, School of Engi- 


’ 


neering, Univ. of N. Dak. 

‘‘What Happens in an _ Imhoff 
Tank,’’ by Arthur E. Williamson, 
State Health Dept., Bismarck. 


A group discussion for sewage works 
operators covered a wide range of sub- 
jects, including sewer cleaning meth- 
ods, ways of eliminating or controlling 
rats in sewers, lift station controls, 
treatment plant operation, public rela- 
tions, and the effects of garbage grind- 
ers on sewage treatment. The meeting 
closed with an inspection tour of the 
Fargo water and sewage treatment 
plants. 

Officers elected to serve during 
1951-52 were: 


President: K. Johnson, Dickinson. 
Vice-President: E. Booth, Bismarck. 
Secretary-Treasurer: J. H. Svore, Bis- 
marck. 
JEROME H. Svorg, 
Secretary-Treasurer 


THE MAGNETITE FILTER 
REMOVES FINE 
SUSPENDED SOLIDS 


From 


Sewage © Industrial Waste @ Water 


GREATLY IMPROVES EFFLUENTS & 
EFFICIENCY OF 
* Plain Sedimentation 
*%& Chemical Precipitation 
* Trickling Filters & Bio-Filters 
* Activated Sludge 
The MAGNETITE FILTER removes 
nearly all settleable solids and 40 to 50% 
of all suspended solids reaching it. It 
gives a constant quality of effluent in spite 
of major variations in influent. 


For full specifications contact 


MAGNETITE FILTER CORPORATION 
10 E. 40th St., New York 16, N.Y. LE 2-5570 


Copies of the following 
back numbers of 


SEWAGE WORKS JOURNAL 
Needed 


1928—October 
1932—January, May, July 
1933—May, July 
1934—January 
1935—May, July 
1939—January 

1944— May 
1946—January, September 


SEWAGE AND INDUSTRIAL WASTES 
1950—July 


Fifty cents will be paid for 
each copy in good condition 


FEDERATION OF SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 
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Sewer Pip 


Choice of “Wardrobe” 


Just as you change your clothes 
to fit the weather Armco Corrugated 
Metal Pipe has three degrees of 
protection for sewer applications. 
The type of service determines 
which should be “worn.” NORMAL sewer service is taken in 
Standard Armco Galvanized 
Pipe is fine for normal sewer service; 
Armco Pipe 
brings severe corrosion to a halt; 
and Pavep-INverT Pipe 
says “no” to erosion. 
All have the same basic installation 
advantages. These are: Light 


weight, ease of handling, 
SEVERE CORROSION difficulties are 
couplings, and ample strength solved with Armco ASBESTOS-BONDED Pipe. 


fast assembly, positive-joint bolted 


without excess bulk. 
Whether you are building new 
sewers or repairing old ones, Armco 
Corrugated Metal Sewer Pipe has 
many economical advantages. 
Write for details. 
Armco Drainage & Metal Products, 
Inc., 2572 Curtis Street, 
Middletown, Ohio. Subsidiary 
of Armco Steel Corporation, 
EROSION is no hazard to Armco PAveD-INveRrT Pi 
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Equipment and Supply Lines 


Strip Chart Recorder—Specification 
Sheet 769 illustrates miniature strip 
chart recorders and gives application 
data—Minneapolis-Honeywell Regula- 
tor Co., Brown Instruments Division, 
Wayne and Windrim Aves., Phil- 
adelphia 44, Pa. 


pH Recorders and Controllers—A 
new 40-page catalog (15-16) includes 
fundamentals of pH measuring sys- 
tems, details of components, and typical 
applications of pH measuring and 
recording equipment.—Minneapolis- 
Iloneywell Regulator Co., Brown In- 
struments Division, Wayne and Win- 
drim Aves., Philadelphia 44, Pa. 


Capacitor Motors—Freedom from 
vibration and extra-quiet operation are 
claimed for a new line of single-phase, 
capacitor, induction motors in sizes 
from 1% to 5 h.p.—General Electrie Co., 
Schenectady 5, N. Y. 


Packaged Power—New 24-page Bul- 
letin GE A-5600 describes use of ‘‘ pack- 
aged’’ electrical systems built up of 
standardized components to reduce 
critical material usage and save time 
and money in construction and expan- 
sion programs.—General Electric Co., 
Schenectady 5, N. Y. 


Flow Ratio Controllers—Catalog 53, 
describing the unusual features of this 
firm’s Automatic Flow Ratio Control 
Systems, has been recently made avail- 
able-——Fischer & Porter Co., Hatboro, 
Pa. 

HTH Tablets—A unique product- 
equipment combination, by which high- 
test calcium hypochlorite tablets are 
dissolved in a new Hypochlorinator, 
has been announced. The new chlorin- 
ation method has been designed for ap- 
plications where a slow steady release 
of available chlorine is desired.— 
Mathieson Chemical Corp., Mathieson 
Bldg., Baltimore 3, Md. 


Flotation Separator—Bulletin No. 
F1 describes the principle, operation, 
and construction of the Sveen Pedersen 
Flotation Saveall for suspended solids 
removal and water recovery.—Sveen 
Pedersen Sales Corp., 35-41 Eleventh 
St., Long Island City 6, N. Y. 


Process Industry Equipment—Newly 
published 12-page Bulletin 50-I de- 
scribes process industry equipment and 
its application to water, sewage, and 
industrial wastes treatment.—Infileo, 
Ine., Box 5033, Tueson, Ariz. 


Comminutor—Revised 
5100-A gives data and details on 
Griductor for sewage screening and 
cutting.—Infileo, Ine., Box 5033, Tue- 
son, Ariz. 


Pipe Coupling—Data on low-pres- 
sure Wedge-Lock coupling for light- 
weight steel pipe in ventilating and 
temporary lines are given in Bulletin 
514.—Naylor Pipe Co., 1230 East 92nd 
St., Chicago 19, Il. 


Ash Handling Systems—A new 
booklet gives detailed information on 
ash and flyash handling systems.— 
Beaumont Birch Co., 1505 Race St., 
Philadelphia 2, Pa. 


Ring Packing—A new automatic 
ring packing designed for maximum 
sealing efficiency in minimum packing 
depth is available in varied composi- 
tions to suit different services —Johns- 
Manville, 22 East 40th St., New York 
16, N. Y. 


Bulletin 


Feeders and Conveyors—Catalog 
830 describes electric vibrating feeders 
and conveyors and gives specifications 


and installation details. Also included 
are descriptions of weighing feeders, 
coolers and dryers, bin valves and 
level indicators, magnetic separators, 
ers and pulverizers, and other ma- 
terials-handling equipment.—Jeffrey 
Manufacturing Co., Columbus 16, Ohio. 
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There’s More Than One 


“Golde 


There’s also CHAPMAN’S Standard SLUICE GATE 


It's the gate that starts paying back its cost the 
minute installation begins . . . because it makes 
the job so quick and easy, with its interchange- 
able parts that need no match-marking. 

And it’s the gate that keeps on paying .. . by 
unfailing, instant response to control . . . and by 

mai e costs down out of sight. 

lf repairs and new parts should eventually be 

needed, here again is the time-saving advantage 


of interchangeable replacements. 

In sum, you can’t get more thoroughgoing econ- 
omy in equipment of this type . . . that’s plain 
to see, on the books of hundreds of projects, the 
country over. See what you can save with Chapman 
Standard Sluice Gates (with any type of control 
you want) .. . send for Catalog 25. The Chapman 
Valve Mfg. Co., Indian Orchard, Mass. 


The Chapman Valve Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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TNEMEC 
PRIMERS 


KILL RUST! 


HE first step in preserving steel with paint is applying the prime coat. 

Its primary job is to prevent and kill rust action. TNEMEC 99 Metal 

Primer does just that, by creating a neutral condition on steel surfaces, 

changing active rust and corrosive agents into an inactive neutral compound. 

The second step is applying the finish coat that will provide protection 
against the specific exposure hazards involved. 


SEWAGE ATMOSPHERE IS CORROSIVE! 


. . . and 457 TNEMECOL is your best protection against its disintegrating 
action. Used as a finish coat over TNEMEC 99 Primer, TNEMECOL forms 
a tough, flexible film that makes steel surfaces immune to sludge and its gases. 

Try this team on your next job—TNEMEC 99 
Primer and 457 TNEMECOL—the combination that 
has whipped the toughest corrosion problems 
occurring in sewage treatment plants. 


Write for your copy of 
Painting Specifications for Sewage Treatment Plants 


NEMEC COMPANY, | 


NORTH Kansas city. 


TNEMEC COMPANY, INC. 
135 W. 23rd Ave., North Kansas City, Missouri 
Gentlemen: 

Send my copy of your Catalog 50 to: 


NAME 


FIRM NAME 
ADDRESS 
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Speaks for / 


+. His is a graphic illustration of the Process Oxidator* at work. Shown are two single stage, 80 fr. dia 
Oxidators at the new Santa Barbara, California Sewage Treatment Plant designed for a population of 


60,000 by Koebig & Koebig, Consulting Engineers. 


The Oxidators combine aeration, coagulation and sedimentation in a single circular tank giving che results 
of intermediate treatment at practically the cost of primary treatment. Note the excellent aeration in the 


center well and the absence of scum in the sedimentation compartment 


Whar the picture can’t tell is that the installation of Process Oxidators results in improved clarification, 
greater reduction of biochemical oxygen demand, higher grease removals, plus the Oxidators’ ability co main 
tain the sewage in a fresh condition thus eliminating odor problem. These factors have combined to give 
the City of Santa Barbara a sewage treatment plant at a lower initial cost with higher efficiency of operation 


and reduced maintenance expenditure 


If you are planning a new sewage disposal installation or the improvement of your present plant, be sure 
to investigate this new leader in economy and efficiency. Simply write to any of the addresses listed below 
for complete information or ask for one of our specialized engineers to consult with you 


*Patented and Patents Pending 


PROCESS ENGIN INCORPORATED 


212 SUTTER STREET 6361 HOLLYWOOD Bivo. 

SAN FRANCISCO 8, CALIF r LOS ANGELES 28, CALIF. 
N AND MIDDLE WESTERN REPRESENTATIVE: 

PACIFIC FLUSH-TANK COMPANY 4241 RAVENSWOOD AVE, CHICAGO 13, 
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Nichols Multiple Hearth 


Sewage Sludge Incineration 


is the answer to. 


1. Low cost per ton of sewage sludge incinerated. 

2. Trouble free operation, with low maintenance costs. 
3. Lower labor costs through mechanical stoking. 

A, Elimination of odor and fly ash nuisance. 


5. Compact, attractive plant design. 


Nichols Engineers are always ready to 
assist in solving municipal and indus- 
trial sewage sludge disposal problems. 


Nichols 


En > 
ginseng & Research Cor 
INE STREET, NEW YORK 5, N. Y 


1920 idi 
‘a e., Pasad Calif. 
77 Sherbrooke St. W., 25 
, Canada 
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F1G.70 EXPLOSION RELIEF waves 
“waRec™ 
2168 
awome TER 
PRESSURE REDUCING 
REGULATOR 


| 

TO wa 
Gas BURNER 

\\| “varec | 


onw TRAPS AT ALL LOW POI 248 ome TRAPS 


GAS PIPING SCHEMATIC 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


GAS EQUIPMENT 
SPECIFICATIONS 


G@. PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 


b. FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 
¢. FLAME CHECK 
“VAREC” Fig. No. 52A 
d. EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 


@. WASTE GAS BURNER 
“VAREC” Fig. No. 236 


f. DRIP TRAPS 
“VAREC” Fig. No. 245 
(automatic) 
“VAREC” Fig. No. 248 
(hand operated) 


MANOMETERS 
“VAREC” Fig. No. 216A 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. S. A. 


Cable Address: VAREC COMPTON USA (All Codes) 
New York * Boston * Pittsburgh * Chicage * Detroit * $1. Lovis * Heusten 
* Casper, Wye. * Prove, Utah * Les Angeles * Son Francisce * Seattle 


from authorized Sewage Equipment 
agents throughout United Stotes ond Conede 


PROVED ons 
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with Transite Sewer Pipe 


and its “packaged” RING-TITE JOINT 


The photograph above shows the total 
amount of infiltration—through manholes 
as well as pipe—in a recently installed 
sewer system consisting of 5 miles of 6”, 
8”, 12” and 18” diameter Transite Sewer 
Pipe. So little ground water entered the 
system that the only practical way it could 
be measured was by inserting a 3” pipe 
in the Parshall flume as shown here! 

Here is visual proof that Transite Sewer 
Pipe with its Ring-Tite Joint cuts ground 
water infiltration to a minimum—in this 
case less than 3.4% of the specified allow- 
able of 600 gallons per inch of pipe diam- 
eter, per mile, per day. 

The Ring-Tite Joint, standard on all 
sizes of Transite Sewer Pipe, has other im- 
portant practical advantages, too. Actually 
a factory-made joint, it can be assembled in 
a fraction of the time required for making 


ordinary sewer pipe joints. No jointing 
compounds are used—just a simple assem- 
bly operation with a mechanical coupling 
puller does the job. And you can check 
each joint for proper assembly as soon as 
it is made—and backfill immediately! 

Transite Sewer Pipe may also help you 
save in other ways. Its long 13-foot lengths 
mean fewer joints to make—thus further 
reducing installation expense. And its 
high flow capacity (Manning’s n=.010.) 
often permits flatter grades and shallower 
trenches—a particularly important econ- 
omy where pipe is laid at or below the 
ground water line or where rock excava- 
tion is required. 

For more facts about this money-saving 
asbestos-cement pipe, write for Folder 
TR-103A. Address Johns-Manville, Box 
60, New York 16, N. Y. 


*Transite is a registered Johns-Manville trade mark 


JM Johns-Manville TRANSITE SEWER PIPE 
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New Waterbury Disposal Plant 
...flash dries sewage sludge 


A large forward step in lowering pollution in Connecticut's 
Naugatuck River was taken when the city of Waterbury 
opened its new disposal plant recently. Combining refuse 
incineration with sludge disposal and high temperature 
deodorization, the Waterbury plant effectively disposes 
of wastes for an equivalent population of 100,000. 

The C-E Raymond Flash Drying Unit in this new plant 
is designed to dry over 29 tons of filter cake per day. This 
is equivalent to an evaporation rate of 2600 pounds per 
hour. The plant is designed so that the sludge can be 
dried and marketed as fertilizer, or incinerated to a 
sterile ash. 


The Waterbury plant is typical of C-E Raymond Sys- 
tem installations, now in service in virtually all parts of 
the country, meeting the varying requirements of both 
large and small communities. They are flexible in layout, 
highly efficient and thoroughly reliable; they provide for 
maximum utilization of waste heat. 


BALTIMORE, Md. 
BETHLEHEM, Penna. 


CAMDEN, J. 


CHICAGO, Til. 
(W. Southwest) 


FOND DU LAC, Wis. 
HOUSTON, Texas 
LANSING, Michigon 


BLOOMSBURG, Penna. 


C-E Raymond Flash Dryer Systems installed, under 
construction or on order since 1945 


LOS ANGELES, Colif. 
SAN DIEGO, Colif. 
SAN FRANCISCO, Calif. 
SCHENECTADY, W. Y. 
SHEBOYGAN, Wis. 
WASHINGTON, D. C. 
WYOMISSING VALLEY, 
Penna. 


COLNE VALLEY, 
England 


RECIFE, Brazil 


The services of C-E specialists are available to assist 
you in finding the best solution to your sludge disposal 7 


problem. Get in touch with the C-E office nearest you for 
prompt attention. B-561A 


COMBUSTION ENGINEERING —SUPERHEATER, INC. 


FLASH DRYER DIVISION 


1315 North Branch Street 
Western Office: 560 W. Sixth, Los Angeles 14, Calif. 


ALL TYPES OF STEAM GENERATING, 


Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 


FUEL BURNING AND RELATED EQUIPMENT 
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DIRECTORY OF ENGINEERS 


(Continued through page 215a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 
WASTE PROBLEMS 
AIRFIELDS, REFUSE INCINERATORS 
INDUSTRIAL BUILDINGS 


CITY PLANNING VALUATIONS 
REPORTS LABORATORY 
Suite 1509-18 PHILADELPHIA 7 

121 S. Broad St. 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis BR. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 


Flood Relief, Sewerage, Sewa, 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 


Municipal Engineere— Airport Design—Sewage Disposal 
Systeme—Water Works Design and Operation—Surseys 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 


Industrial Waste Treatment 
Investigations 


Crystal Lake, Illinois 


and Mape—City Plannaing—Highway Design—Construc- 
tion Surveye— Pipe Line Surveys 


Office: Rochester, Pa. 


Home 
Branch Offices: Jackson, Miss. Harrisburg, Pa. P. O. Box 67 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers 

Cuinton L. Bogert Ivan L. Bogert 

J. M. M. Greie Ropest A. LINCOLN 

DonaLp M. ARTHUR P. ACKERMAN 


Water and Sewage Works 


W.H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Refuse Disposal Industrial Wastes 
Investigations Operation Drainage Flood Control 
Gillingham & Worth Sts. Philadelphia 24, Pa. 624 Madison Ave, New York 23, N. Y. 
j BLACK & VEATCH 
Consulting Engineers 
SewaGk - WATER - ELEcTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 
BOWE, ALBERTSON & ASSOCIATES CONSULTING ENGINEERS 
Engineers Will your prospective clients find you 


listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal— Analyses 

Municipal —Industrial Projecta 

Valuations—Reporte— Designs 


110 William Street New York 7, N. Y. 


Take advantage of the services of these outstanding consultants! 
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BROWN AND BLAUVELT 


Consulting Engineers 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 


Industrial Wastes Probl Railroad 


46 Cedar Street, New York 5, N. ¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
bupoly and Weter Pantcation, 
Valuations and Reports 
Chemica and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. Cleveland 14, Ohio 


P.O. Box 7088 1404 E. %h St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Lnvestigations and 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration-Gas Systems 

Valuations-Rates—-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 
Consulting Civ Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Planta 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Seesty Sewerage 
Ral Highways 
Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 
150 North Wacker Drive Chicago 6 
605 Colorado Bidg. Washington 5 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (NJ.) 


Belleville 9, New Jersey 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
CHARLES M. SporrorD W. HorRNne 
JOHN AYER L. HYLanp 
Bion A. BOWMAN Frank L. LINCOLN 


CaRROLL A. FARWELL Howarp J. WILLIAMS 


Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


Investigations and Reports Design 
Supervision of Construction Valuations 
Boston New York 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


EDWARD A. FULTON 
Censalting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 


and Power Developments; ams an 
Flood Control 
3209 Brown Read Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Water Works—Sewage 
Industrial Waste & Garbage -y 

Roads—Airports—Bridges & 
Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pittsburgh, Pa. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


treatment. Houston READING, PA. 
GLACE AND GLACE CONSULTING ENGINEERS 


Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


If you specialize in sewage and industrial 
waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


GREELEY & HANSEN 
Engineers 
Paul Hansen 
Kenneth V. 

Samuel M. Clarke 

Water Supply, Water Purification 

Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


820 8. State Street, Chicago ¢ 


HAVENS AND EMERSON 


W. L. Havens C. A. Emerson 
A. A. Burger F.C. Tolles F. W. Jones 
W. L. Leach H.H. Moseley J. W. Avery 
Consulting Engineers 
WaTER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y¥. 


HAYDEN, HARDING & BUCHANAN 


Consulting Engineers 
Joun H. 


Joun L. Hayrpen 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


810 Park Square Building, Boston, Mass. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 
posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your ecard now. 


HAZEN AND SAWYER 
ENGINEERS 

Ricaarp Hazen Arrep W. Sawrer 

Municipal and Ind ial Water Supply 

Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 

110 Bast 42nd Street New York 17, N. Y. 


C.W.Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 
Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Leg, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 300 Lincoln Building 
Menominee, Michigan Minneapolis 1, Minnesota 


HORNER & SHIFRIN 


lei Enci 


W.W. Horner _E.. B.. Bioss 
C. 


H. SHIFRIN 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 

— Reports 


Shell Building, St. Louis 3, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Bacteriologists 
Analyses—Water, Sewage, Industrial Waste 
Research Litigations 
504 N. Second St. Harrisburg, Pa. 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 

Since 1906 
ification, Be and 
Tvestment, Carbegs ana 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. ¥. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disporal 
Chemical and Biological Laboratory 


604 MISSION 8T., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Your firm should be 
listed here 


. .. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Bullding 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. ¥. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 


Airports, Tunnels 
Trafic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 


51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie, Ernest W. Whitlock, G.G. Werner, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 18, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age 4 Industrial Wastes; Investigations 


; Design; Supervision 
ction & Operation 


Analytical Laboratories 
1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision 
Industrial Waste Treatment 
Laboratories for Chemical and Bact 
Analyses 
New York 55, N.Y. 


369 B. 149th Se. 


RIPPLE AND HOWE 
Consulting Engineers 


Water Works Systems, and 
Plants, Reservoirs and Dams, ae 
Storm Sewers, Sewage wo ts, 

Refure Disposal, 


426 Cooper Bidg. Denver aaa Colorado 


Take advantage of the services of 


these outstanding consultants! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 

Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports Appraisals 
209 8S. High St. Columbus 15, Ohioe 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
Reading, Pa. 


441 North 2nd St. 


WESTON & SAMPSON 


‘astes Treatment 
Stream Pollution Studies 
Supervision, Valuation 


Laboratory 
14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 


pective clients will expect to find your card in the Directory of Engineers 


contained in the... 


Official Professional Journal of the Sewage and 
Industrial Wastes Field! 


All types of ; 
Manicipal Public Works & 
Utilities 
P. O. Box 1048, Jacksonville, Fia. ; 
— 
Consulting Engineers 
Water Supply, Water Purification, ; 
Corrosion Control 
Sewerage, Sewage and Industrial 
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It's New! 
Revolutionary! 


© Operates at any angle of 
circle without moving ma- 
chine. Adjust platform only. 


® Installs in a fraction of 
the time of ordinary jacks. 
No holes to chisel in bricks. 


Hangs in manholes FITS AN 
too narrow for pres- SIZE 
ent jacks. MANHO! 
® No rebuilding of ; 
manholes necessary. LESS 


Operates in “loose 


brick” manholes. NO BIND 


@ Less snub on roller elimi- 
nates cable bind. Bucket 


passes easier. PATENTS APPLIED FOR 


SEWER-ROD EQUIPMENT CO. 
9055 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 79 Cerdan Avenue — Roslindale 31, Mass. 

P.0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Minn. 

1115 Delaware Ave.— Fort Pierce, Fla. 3786 Durango St.— Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, I. 4455 S.E. 24th Street — Portiand, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. Francis Hankin — Montreal & Toronto, Can. 
351 West Jefferson Bivd. — Dallas, Texas 


AMERICA’S LARGEST MANUFACTURER 
PIPE CLEANING TOOLS AND EQUIPMEN 
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INDEX TO ADVERTISERS 


Chepman Valve Manufacturing Company AO 


Combustion Engi Sup heater, Inc. (Flash Dryer Div.) ....- 

Economy Pumps, Inc (C. Wheelet Mig. Co. 

Jeffrey Manufacturing 


Rockwell Manufactering Company (Nordstrom Valve Division) 

Simplex Valve and Meter Company 

Snow Irrigation Supply Company 

Worthington Pump and Machinery Corporation (Public Works Div,). -..-......- 
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Albright & Friel, Inc, Havens and 

Alvord, Burdick & Howson’ Hayden, Harding & Buchanan 

Baker, Michael, Jr.; Inc. Hazen & Sawyer 

Baxter & Woodman i Henningson Engineering Co. 

Retz, W. & "Hitchcock & Estabrook, Inc, 

Bleck & Veatch Horner & Shifrin 

Bogert, Clinton L,, Associates Johmston, Robert M. and Associates 

Bowe, A & Jones, Henry & Schoonmaker 

Brown & Blauvelt Keis, & Holroyd 
Buck, and Jost Kennedy, Clyde C. 
Burgess & Niple 3 Knowles, Morris, Inc. ; 
Buras & McDonnell Losier, Wm. S., Company 

Camp, Dresser and McKee é Mebus, George 8B. 

Capitol Bnugimeeting Corporation Metcalf & 


Eddy 
Nusshaumer, Clarke & Velzy, Inc 


Chester The 
Parsons, Brinckerboff, Hall & MucDovald 
Inc. 


Cole, Chas, W,, & Son 


Corson, Boyd E., 

Consoer, Townsend & Associates Piraie, Malcolm, Engineers 

Damon & Foster Purcell, Lee T. 

Dechant, Prederick H. Riddick, Thomas M. 

De Leuw, Cather & Company Ripple and Howe 

Electro Kus Caper Russell and Axon 

Yay, Spofford & Thorndike Smith and Gillespie 

Freese, Nichols ead Turner Stauley Engineering Company 
Fulton, Edward A Stiloon, Alden E., & Associates 
Gannett, Fleming Inc. Werts Engineering Compeny 

Gilbert Associates, Inc. Weston & Sampson 

Glace and Glace & Howard 


Greeley & Hansen 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of thig journal. When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 
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LANCASTER PRESS, INC., LANCASTER, PA, 


CHLORINATION BY W&T 


| BETTER 


SEWAGE PLANT PERFORMANCE 


SETTLING BASINS — 
Chlorination keeps the sewage fresh 
and ensures centinuance of proper settling 
in primary basin or Imhoff Tank. 

TRICKLING FILTERS — Chlorine ahead of tricking filters 
on a programmed basis prevents septic odors and ponding 
— thus permitting biological oxidation to proceed normally. 

ACTIVATED SLUDGE UNITS — Chlorination of the return 
activated sludge prevents bulking—and permits the ac- 
tivated sludge units to perform at maximum capacity. 

Join the hundreds of sewage plants that are main- 
taining top performance of their treatment pro~ 
cesses with chlorination — dependable, accu- 
rate chlorination by f 


wer. WALLACE & TIERNAN 


COMPANY, INC, 
CHLORINE AMD CHEMICAL CONTEOL 


$33 
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